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Compact and robust hydraulic pumps 
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A perfect unit for hydraulic presses and 
machinery. Through the single out- 
let it delivers a large volume at low 
pressure and a small volume at high 
pressure — the compact combin- 


ation of two pumps in one. 
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Mono-Radial Control Valves are pressures up to 6,000 p.s.i. 
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INFORMATION THEORY AND ITS EN- 
GINEERING APPLICATIONS 

By D. A. Bell, M.A., Ph.D., M.I.E.E. 2nd Edition. 
A new and revised second edition of this outstand- 
ing work for research engineers in Telecommunica- 
tions and allied work and also for students. 25/- net. 


. RADIO AND ELECTRONIC 
2 COMPONENTS 
=e Vol. 2. Variable Resistors and Potentiometers. 
By G. W. A. Dummer, M.B.E., M.I.E.E. Discusses 
the characteristics and specifications of all types of 
a te resistors used in electronic equipment. 
/- net. 


PSYCHOLOGY : GENERAL, INDUSTRIAL, 
SOCIAL 

By J. M. Fraser, M.A. The author surveys the fields 
of general, industrial and social psychology from 
the manager’s point of view, and draws the main 
issues together. 25/- net. 


SIR ISAAC PITMAN & SONS LTD. 
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SOLUTION OF PROBLEMS 
DYNAMICS 

By S. A. Urry, B.Sc.(Eng.), A.F.R.Ae.S. A new book 
for students taking exams in Aerodynamics or 
Mechanics of Flight. Four hundred problems, 
specially selected and arranged, give practice at all 
levels up to the Higher National Cert. 32/6 net. 


IN AERO- 


ENGINEERING OPTICS 

By K. J. Habell, M.Sc.(Lond.), etc., and A. Cox, 
B.Sc.(Dunelm), etc. An up-to-date guide to optical 
methods and instruments in their application to 
engineering measurement. 40/- net. 


SOLUTION OF PROBLEMS IN TELE- 
COMMUNICATIONS 
By C. S. Henson, B.Sc.(Eng.), A.C.G.I., A.M.I.E.E. 


A valuable work for University and Technical 
College Engineering Degree students which covers 
aspects of Telecommunications mainly in the radio 
and electronics fields. With worked examples, and 
problems with answers. 25/- net. 


Parker St., Kingsway, London, WC2 
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COPPER- ZIRCONIUM 
COMMUTATOR ALLOY 


| In many applications electric 
/motors and generators are being 
‘exposed to greatly increased oper- 
‘ating temperatures. Commutators 


A QUICK GLANCE AT THE LATEST 
TECHNICAL DEVELOPMENTS 
THROUGHOUT 


THE WORLD 





‘of soft copper, which were used in 
early motors, lost much of their strength after 
‘exposure to a temperature of 255°F for 10 to 
40 hr. Later, the addition of silver in an amount 
of 25 to 30 ounces per ton of copper resulted in 
‘commutators which would operate at temper- 
atures up to 450°F. The development of 
‘chromium-copper alloy then followed, permit- 
ting operation at or above 500°F, but difficulties 
‘were encountered in the production and hand- 
ling of this alloy. A more suitable alloy has now 
been developed, comprising copper containing 
025% of zirconium. Notched and unnotched 
specimens of the new alloy exhibited rupture 
strengths of the order of 32,000 to 41,000 psi in 
100- and 500-hr creep-rupture experiments 
conducted at 550°F. Notches strengthened the 
copper-zirconium alloy, loaded in either trans- 
verse or longitudinal direction. These properties 
make the new alloy suitable for commutators 
operated at temperatures above 500°F at high 
stresses, such as in motors subject to severe 
vibrations. The alloy also possesses sufficient 
ductility to eliminate a substantial amount of 
commutator-bar cracking. Commutators of this 
alloy in many cases were found to be far superior 
to silver-bearing copper. In one case, a machine 
was run at a temperature so high that the wind- 
ings of the fields and rotor burned out, but the 
irconium-copper commutator remained solid 
and in good condition. Electrical conductivity of 
the alloy is over 90% of that of the copper 
standard. 


@ GLASS-BEAD TYPE OF FILTER 


A glass-bead filter has been devised which, it 
is claimed, permits an unusually high rate of 
liquid flow, screens out impurities as small as 
4 microns, and can be repeatedly cleaned. This 
filter was originally developed for jet-aircraft 
fuel systems, but it is now available for such 
industrial applications as coolant filtering for 
machine tools ; chemical, petroleum, and atomic 
processing ; and pharmaceutical manufacturing 
and distilling. In the filter, packed glass beads or 
Spheres are employed, in combination with a 
Monel-wire cloth. It is claimed that the hard- 
fiéss, smooth surface, and chemical inertness of 
the glass beads increase filtering efficiency and 
Minimize the clogging of particles filtered out 
of the liquid, a filtering efficiency in excess of 
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98% being claimed. It is stated that the filter 
offers protection against such fine contaminants 
as entrained water and atmospheric dust. It 
also resists the corrosive attack of the water in 
the system. The filter is suitable for pressures 
up to 25 psi and a temperature range from — 65 
to + 160°F. The filter element consists of a 
round canister enclosed by an expanded-metal 
cylinder with glass beads packed around the 
periphery in an annular space approximately 
4 in. wide between cylinders of wire cloth. The 
beads are 0-01 in. in diameter and the wire cloth 
has nominal openings 0-0041 in. square. Clean- 
ing of the filter can be effected by back-washing, 
and it is reported that no loss of capacity, even 
after hundreds of cleaning operations, can be 
noted. Helical vanes in the filter housing impart 
to the incoming liquid a swirling action which 
tends to keep large particles of dirt away from 
the filter. 


@ HIGH-SPEED ELECTRIC GOVERNOR FOR 

ENGINE-GENERATOR SETS 

A new high-speed electric governor for 
engine-generator sets operates on the principle 
of speed-change anticipation through load 
sensing. While conventional types sense only 
engine speed, the new governor regulates on the 
basis of frequency and also anticipates imminent 
frequency changes »y continuous sensing of the 
instantaneous generator load. The new device 
comprises two basic components, these being an 
electric control unit and a hydraulic actuating 
unit. The electric control unit measures three 
variables, i.e., generator frequency, generator 
load, and engine-throttle position. An electrical 
summation of these variables is amplified and 
applied to the hydraulic actuating unit, which 
converts the electrical information into pro- 
portional hydraulic forces and positions the 
throttle. Within the electric control unit a 
frequency circuit measures generator frequency 
and corrects for any deviation from a set refer- 
ence frequency, its primary function being to 
counteract small frequency shifts at any specific 
load. Signals from a frequency-sensitive LC 
circuit and a frequency-reference circuit are 
compared electrically, and any voltage differ- 
ence then becomes an input error signal to the 
magnetic amplifier. The load-responsive circuit 
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— Clad for warmth 


The Fibreglass* round this central-heating boiler makes the fuel-efficiency 
picture a very healthy one. For ‘boiler’, also read steam and hot water 
pipes, factory roofs—or anything whose heat must be conserved. There 
is a form of Fibreglass for every job—designed to insulate perfectly with 
the least weight, bulk, bother or expense. 
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* 2” thick resin— bonded type 900, wire-netting, hard-setting cement and paint. 
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anticipates prime-mover speed changes by 
measuring the generator load. The third basic 
signal developed within the electric control unit 
indicates throttle position, this indication being 
provided by a throttle feedback system mechanic- 
ally coupled to the throttle actuator. This 
throttle follow-up circuit supplies a voltage which 
is equal but of opposite polarity to the load- 
sensing signal. At the instant of load change, 
the load-sensing circuit develops a signal pro- 
portional to the load change, and the output 
signal produced causes the throttle to be moved 
in a direction to compensate for the load change. 
As the throttle moves, the circuit furnishes a 
signal which neutralizes the load-change signal 
when the correct throttle position is reached. 


@ CORE AND MOULD HARDENING .WITH 

CARBON DIOXIDE 

An important contribution to foundry tech- 
nique. is the COz process, in which. cores and 
moulds made with a mixture of sodium silicate 
and sand harden in seconds when COsz gas is 
passed through them. This is due to the fact 
that the gas combines with the sodium silicate 
to form a silicic gel which cements the sand 
grains together. Special sands are available 
in which sodium silicate is present in a certain 
ratio, together with special unspecified ingred- 
ients which ensure proper collapsibility of the 
sand. The high flowability of COz sand reduces 
the amount of ramming needed, and, as cores are 
hardened in the box, the need for rods and 
wires is reduced and accuracy is increased. In 
carrying out the gassing process great care 
must be taken to ensure that the COz reaches 
all parts of the core, and vents should be so 
located as to ensure even gassing. There are 
several ways to inject the gas into the cores, 
the simplest being the lance and gassing-cup 
methods. In the lance method a section of 
small-diameter copper tubing is connected to 
the COz supply. After the sand has been 
tammed into the corebox, a rod is used: to make 
4 hole, which extends to within a few inches of 


the bottom ; the lance is then inserted and the 


gas supply turned on. Larger cores are hardened 
by repeating the procedure. The gassing-cup 
method is mainly used for coreboxes open at 
both ends. In another method, the pressure- 
plate method, the gas is forced down into the 
core from a pressure chamber created by a wood 
or metal plate or chamber mounted on top of 
the corebox or mould-flask. The pressure cham- 
ber formed by the space between the top surface 
of the core and the plate is constantly being filled 
with COz gas. Vents in the bottom of the box 
allow the gas to force out any air which would 
interfere with complete hardening. Tests indicate 
that COs cores have lower tensile strength, 
higher permeability, and approximately the 
OCTOBER, 
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same hardness as oil-bonded cores. COs cores 
appear to be more friable, but are less likely to 
cause blow defects. The higher friability of COz 
cores has had little, if any, effect on their 
adoption, probably because they require less 
handling. 


@ METHOD OF WELDING AND CASTING 

GRAPHITE 

The discovery of a method for joining 
graphite by welding has recently been announced. 
In the nuclear-power field the new method will 
make it possible to prefabricate sheets and 
panels for the assembly of nuclear reactor 
moderators, which must normally be built up 
from graphite blocks ; similarly, it may well 
revolutionize the design of graphite heat 
exchangers. The difficulty in working graphite 
has always been that no technique for melting 
operations was known. This difficulty was, of 
course, due to the fact that at normal pressures 
graphite does not melt when heated to high 
temperatures but vaporizes directly. It has now 
been found that, if the graphite is heated under 
high pressure, vaporization can be prevented, 
and the graphite can be made to melt. A tech- 
nique has already been evolved by which this 
discovery can: be utilized for welding pieces of 
graphite together by means of an electric welding 


process. In this process, the pieces to be joined - - 


are placed in an atmosphere of argon gas under 
high pressure. The pieces are brought into 
contact and a direct current is passed through 
them ; they are then separated slightly so that 
an arc is created, heating the graphite to the high 
temperature required. By the combination of 
heat and gas pressure the graphite is melted and 
the pieces are welded together. It is stated that a 
similar technique can be used for a continuous 
casting process in which comparatively large 
pieces of graphite are formed from the liquid 
state. The graphite is claimed to have a degree 
of crystalline perfection much higher than any 
artificial graphite obtainable hitherto and com- 
parable with that of the best natural graphite. 
Fine filaments of graphite, with diameters less 
than 0-000! in. have also been prepared by this 
method. 


@ DETERMINATION OF THE INTERNAL 
TEMPERATURE OF TRANSISTORS 
Transistors produce less heat than compar- 

able thermionic vacuum tubes, but this advan- 

tage is counteracted by their much lower per- 
missible operating temperature. Thus a german- 
ium-indium transistor is limited to a safe 
maximum temperature of about 250°F. Further- 
more, because of its internal arrangement and 
low operating temperature, a transistor must be 
cooled largely by conduction and convection. 
Thus, a power transistor, although it dissipates 
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Tube plate for a Heat Exchanger, 
incorporating 5,518 tubes 3 in. dia., 
and involving 1,078 footage of 
welding. 
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less heat than a thermionic valve, often presents 
a more severe cooling problem. Because of the 
electrical characteristics of the transistor, almost 
the entire heat is generated at the interface 
between the collector and the base, and this 
heat must then be conducted from the interface 
through the transistor to its housing and finally 
to a heat exchanger. Owing to the low thermal 
conductivity of germanium and indium, the 
temperature drop in the conduction path from 
the heat-producing junction to the transistor 
housing is quite important. As a result of the 
negative temperature coefficient of electrical 
resistance of germanium, the location of hot 
spots within the germanium is also important. 
Consequently, in the development of a transistor 
capable of handling a relatively large amount of 
power, the study of the temperature fields within 
the transistor is of considerable importance. A 
recent research report describes the use of an 
electrolytic analogue for determining the heat 
conduction with a transistor, and it is stated 
that, from the results obtained, it was possible to 
determine the temperature field within the body 
of the transistor. A comparison of these results 
with direct temperature measurements made on a 
transistor is not at present possible, as there is 
no known way to measure the temperature at the 
interface without altering the electrical char- 
acteristics of the device. However, it was found 
from indirect temperature determinations on 
transistors carried to burn-out temperatures 
that the experimental values were of practical 
accuracy. 


@ POTENTIOMETER TACHOMETER WITH HIGH 

SENSITIVITY 

A novel electromechanical tachometer has 
been developed, covering a wide input range and 
capable of a sensitivity at least one hundred 
limes as great as that of any existing tachometer. 
The signal-to-noise level is said to be such that 
input speeds as low as 0-005 rpm can readily be 
measured. The tachometer provides a continu- 
ous indication of both speed and direction of 
totation, and a high degree of linearity is 
achieved, as only basically simple components 
such as resistors, capacitors, potentiometers, 
and valves are used. Input-shaft rotation is 
sensed by a resistance potentiometer, which 
converts the input angle into a proportional 
‘lectrical signal. The output from this transducer 
isfed to a cathode follower or isolation amplifier, 
preventing loading of the transducer and pro- 
ducing a low output-impedance level. A high- 
gain Operational amplifier with derivative feed- 
back is connected to the cathode-follower out- 
put. The output of the operational amplifier 
8a d.c. voltage proportional to the input rate. 
The speed range over which the tachometer is 
fapable of operating is determined at the 
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lower end by the noise level and at the upper 
end by the maximum output of the operational 
amplifier, and a speed range of 16,000 to 1 is 
reported. It is claimed that this represents a 
practical improvement of at least 2 to 1, as 
compared with the range of an ordinary induc- 
tion-generator tachometer. Scale factor can 
readily be varied to change the lower and upper 
limits of the speed range by changing either the 
feedback time constant or the potentiometer 
excitation level. It is therefore possible to 
measure not only extremely low speeds, but 
also the higher speeds which normally fall 
within the range of other tachometers. 


@ DIFFUSION CHROMIZING PROCESS 
Chromium-rich surfaces produced by diffu- 
sion have shown remarkable resistance to 
corrosive attacks of many varied kinds by reason 
of their high chromium content, which in some 
cases is as much as 50% at or near the surface. 
Nevertheless, steels which have been chromium- 
coated by diffusion sometimes fail to withstand 
corrosive attack, and this applies whether addi- 
tional elements such as titanium, niobium, vana- 
dium, or molybdenum are present or not. Recent 
practice has therefore been to dispense alto- 
gether with additional elements introduced to 
stop the outward migration of the carbon in the 
diffusion process. The failure of diffusion 
coatings with high chromium content in the 
surface is remarkable, because a chromium- 
steel casting of only 25% chromium content is 
fully corrosion-resistant, in spite of its lower 
chromium content. It would not seem that a 
high carbon content of the chromium-treated 
surface produced by diffusion is the cause of the 
failure. Recent research has shown that the 
failure in the corrosion-resisting properties of 
chromium-diffused surfaces is due to a form of 
intercrystalline corrosion which occurs along 
the grain boundaries. To eliminate intercrystal- 
line corrosion it is proposed to use a material 
containing titanium, tantalum, and niobium in a 
greater quantity than required to bind the carbon 
content in the diffusion process. Titanium 
content should therefore amount to at least five 
times, niobium to at least ten times, and tanta- 
lum to at least eighteen times the amount of 
carbon present. A steel with carbon from 0-03 
to 0:06% and titanium not exceeding 0-5% is 
claimed to be especially advantageous. 


@ NEW WEAR-RESISTANT TOOL STEEL 

The combination of hot and cold shock 
resistance and high hardness for resistance to 
wear in a single tool is one of the most difficult 
yet most desirable characteristics to achieve. It 
will be readily appreciated that a tool steel with 
such properties would be versatile and could be 
used for a wide variety of tools ranging from 
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Nearest to an 


ALL-ROUNDER 


anderson’s ‘'476’’ is a high carbon, high 

chromium steel developed for maximum all-round 
utility. It successfully combines high wear resistance 
with adequate toughness for a wide range of applica- 
tions. Hardening is in air or oil, with most users 
preferring air hardening up to large sections. 
Machinability, for an abrasion resistant steel, is 
excellent, and the freedom from movement and 
distortion in heat treatment reduces wastage and 
size corrections to the minimum. 
For cold work tool and die applications *‘ 476°’ is the 
nearest to an all-rounder. It is also a most econo- 
mical steel. 
Further details from Sanderson Brothers and New- 
bould Limited, Attercliffe Steel Works, Newhall 
Road, Sheffield, 9. 


Photograph shows press tool for clamping washers in 
brass, of which 200,000 were produced without regrind 
and tool still good for many more. Die : ** 476” 
Heavy Duty Die Steel. Punches : Sanderson Non- 
Distorting Steel. 


APPLICATIONS INCLUDE 
Blanking dies and punches for : 
steel sheet and plate, high silicon 
transformer materials, stainless 
steel and iron, brass, copper, zinc, 
and hard abrasive materials gener- 
ally. 

Deep drawing dies, cupping dies, 
forming dies. Sheet metal forming 
roils, shear blades for strip and 
sheet. 

Circular cutters for cold rolled 
strip. 

Trimmer dies, thread rolling dies, 
cold extrusion dies. Broaches, 
plug gauges, ring gauges, taps, 
staybolt taps. 

Brick mould liners. 

Master hobs for cold hobbing 
plastic moulds. 

Cut moulds for plastics. 
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anderson’s ‘'476"’ is a high carbon, high 

chromium steel developed for maximum all-round 
utility. It successfully combines high wear resistance 
with adequate toughness for a wide range of applica- 
tions. Hardening is in air or oil, with most users 
preferring air hardening up to large sections. 
Machinability, for an abrasion resistant steel, is 
excellent, and the freedom from movement and 
distortion in heat treatment reduces wastage and 
size corrections to the minimum. 
For cold work tool and die applications ‘‘ 476 ’’ is the 
nearest to an all-rounder. \t is also a most econo- 
mical steel. 
Further details from Sanderson Brothers and New- 
bould Limited, Attercliffe Steel Works, Newhall 
Road, Sheffield, 9. 


Photograph shows press tool for clamping washers in 
brass, of which 200,000 were produced without regrind 
and tool still good for many more. 
Punches : 


Die : ‘* 476"’ 
Heavy Duty Die Steel. Sanderson Non- 


Distorting Steel. 


APPLICATIONS INCLUDE 
Blanking dies and punches for : 
steel sheet and plate, high silicon 
transformer materials, 
steel and iron, brass, copper, zinc, 
and hard abrasive materials gener- 
ally. 

Deep drawing dies, cupping dies, 
forming dies. Sheet metal forming 
rolls, shear blades for strip and 
sheet. 

Circular cutters for cold rolled 
strip. 

Trimmer dies, thread rolling dies, 
cold extrusion dies. Broaches, 
plug gauges, ring gauges, taps, 
staybolt taps. 

Brick mould liners. 

Master hobs for cold hobbing 
plastic moulds. 

Cut moulds for plastics. 
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rivet sets and chisels to hot headers and die- 
casting dies. It is claimed that a steel of such 
characteristics has now been developed, its 
nominal composition being 0°5% C, 0-7% Mn, 
027% Si, 3-25% Cr, and 1-4% Mo. Heat treat- 
ment is relatively easy and, with full annealing, 
machinability is about 95% of that of a 1% 
carbon steel. It is stated that the new steel has 
been used successfully in the hot-riveting of 
boilers. In this operation, with standard rivet 
sets made from water-hardening carbon steel, 
no more than 300 hot rivets could. be driven 
before the sets cracked or spalled. Occasionally, 
it was possible to extend the life of the sets by 
recupping, but more often this did not prove 
successful. With the new rivet sets, however, the 
average run increased to nearly 2500 before 
recupping was required. Furthermore, this 
steel is reported as lending itself very well to the 
recupping operation, which is effected by grind- 
ing; furthermore, it requires no subsequent 
heat treatment, and retains its original hardness 
under heat, regardless of the length of exposure. 
In forging, the steel should be preheated at 
1200 to 1300°F before it is raised to a forging 
temperature of 2000 to 2050°F. Forging should 
be discontinued at 1700°F and the piece should 
be reheated, if necessary. The forging should 
be cooled slowly by burying in lime, ashes, or 
some other insulating material. Normalizing 
is not recommended. 





@ HARDENABLE SILVER-MAGNESIUM- NICKEL 

ALLOY 

A new silver-magnesium-nickel alloy, now 
available, can be worked easily while soft and 
can then be irreversibly hardened by heating in 
air. Once hardened, the material is highly re- 
sistant to softening, has a low creep rate, and 
for practical purposes does not anneal at elevated 
lemperatures. In the as-received condition the 
new alloy can be formed by stamping, drawing, 
bending, spinning, etc., usually without requiring 
anneals. If annealing is necessary, it can be 
done in 15 to 30 min in air at 700°F, or in a non- 
oxidizing atmosphere above 700°F. Permanent 
oxidation hardening is effected at 1200 to 1475°F, 
the time and temperature cycle depending on 
he thickness of the piece. Typical suggested 
applications of the alloy are electrical contacts 
which can be brazed without loss of hardness ; 
shields and clips for miniature vacuum tubes ; 
instruments and relay springs, contact arms, and 
wipers and sliders requiring high conductivity 
and hardness at elevated temperatures. It is 
‘tated that in the oxidation-hardened condition 
the tensile properties of the alloy at room tem- 
perature are similar to those of hard-rolled coin 
or sterling silver. At elevated temperatures, hot 
hardness and strength are said to be consider- 
ably better than those of hard-rolled silver- 
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copper alloys. However, at elevated temper- 
atures, hardness and strength are accompanied 
by lower ductility, the material tending to 
fracture rather than to creep at excessive stresses. 
Parts should therefore be designed to avoid high 
stresses. Both brazing and soft soldering are 
possible. Corrosion resistance is similar to that 
of fine silver. Since the alloy contains no copper, 
resistance .» salt corrosion is excellent. 


@ PRODUCTION OF VISIBLE ULTRASONIC 

IMAGES 

Devices now known for converting ultra- 
sonic images into visible images are either 
expensive and time-consuming in operation or 
require that the object to be tested be accessible 
from both sides. Thus, for instance, in one 
suggested arrangement, piezo-electric charges, 
produced by the sonic pressure on the outside 
surfaces of a resonant cavity acting as a receiver, 
are used to produce a charge image on the 
quartz. The quartz is then scanned by an 
electron beam in the same way as for television, 
the storage charges affecting the secondary 
electrons produced on the surface according to 
the image content. These electrons are then 
intercepted by an electrode and conveyed to an 
amplifying device. This method therefore calls 
for arrangements similar to those employed 
in television for the decomposition and re- 
assembly of the image, but such a method is not 
considered suitable where objects have to be 
tested by ultrasonics. A device has now, how- 
ever, been invented which makes it possible to 
reproduce an image of an object, accessible from 
one side only, without requiring any image- 
decomposing elements, yet at the same time 
permitting ultrasonic magnification. In the new 
device, a piezo-electric oscillator tuned to the 
ultrasonic frequency used is located in the image 
plane of an ultrasonic system, the rear of the 
oscillator being provided with an emissive layer 
which serves as the cathode for an electron 
optical system. The cathode emission of 
electrons is controllable by the charge of the 
piezo-electric oscillator corresponding to the 
ultrasonic image. This apparatus can be used in 
conjunction with a magnifying ultrasonic lens 
system for the purpose of observing the inner 
structure of a body to be tested for flaws. In 
this case, the ultrasonic lens system consists of 
an objective and a lens, the system being critic- 
ally focusable for any optional point within the 
object. 





For further information on developments 
reviewed in THE BLUE PAGES, readers 
are invited to write to the Editor. 
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The checking of a busbar installation in a large 
steel works is an interesting example of the important 
contribution of the world-famous AvoMeter to the 
maintenance of electrical power plant. AvoMeters will 
be found wherever electricity is used in industry. 


Model 40 
. AWOMETER 


A self-contained multi-range A.C./D.C. instrument providing 40 
ranges of direct readings of current, voltage and resistance on a 
5-inch hand calibrated scale fitted with an anti-parallax Lewd 
Range selection is by two rotary switches, for A.C. and D.C. 
respectively, and a press button provides additional ranges by 
halving the current and voltage ranges shown - the switch knobs. 
The total resistance of the meter is 200,000 ohms. 
The instrument is compact and portable, and is protected by 
an automatic cut-out against damage through the inadvertent 
application of overload. 
Power Factor and reactive kV.A. can be measured in A.C. circuits 
by means of an external accessory 
(the Universal AvoMeter Power 
Factor & Wattage Unit). 
Size: 8 « 7} - 4) 
Weight: 6; Ibs. 
List Price 


£19: 10s. 


---you cam depend om 


Sele Proprietors and Monufacturers:— 
THE AUTOMATIC COIL WINDER & ELECTRICAL EQUIPMENT Co., LTD. 


AVOCET HOUSE - 92-96 VAUXHALL BRIDGE ROAD - LONDON - S.W.1. Telephone: ViCtoria 3404 (9 lines) 
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Tue first in history to supply electricity in marketable 
quantities to a national grid system, Calder Hall Atomic 
Energy Power Station, Cumberland, was officially 
opened by Her Majesty the Queen on October 17th, 
1956. At present, the station comprises what is designated 
the Calder Hall ‘‘ A ’’ installation ; a second installation 
(Calder Hall *‘ B’’), of precisely the same characteristics, 
isnow about 75% complete and is scheduled to go into 
operation in 1958. 

The Calder Hall ‘‘ A ’’ installation (Fig. 1) basically 
consists of two reactor buildings, each 120 ft in height ; 
two cooling towers, each 300 ft in height and 200 ft in 
diameter ; the turbine-hall group ; and ancillary build- 
ings and services. A particularly important part of the 
work was the construction of the concrete rafts, each 
130 ft in length and 11 ft in depth, on which each reactor 
building is founded, and of the octagonal biological 
shields, which fulfil the dual purpose of structural support 
and shielding against nuclear radiation. In the erection 
of the high-density reinforced-concrete walls of these 
shields, which are 7 ft in thickness and 90 ft in height, 
tolerances to within + 0-1 in. on both vertical and plan 
true dimensions were required. In addition, great care 
had to be taken with the placing of concrete in confined 
spaces around the large number of charging and other 
tubes passing through the shields. 

Each reactor consists of a steel pressure vessel, into 
which is built a graphite structure housing the fuel 
tlements. The mass of graphite moderator, weighing 
over 1000 tons, rests on flat steel plates set on a steel 
diagrid structure, supported around its periphery in the 
pressure vessel, and the fuel elements are stacked in 
vertical channels, which form the flow passages for 
catbon dioxide coolant gas. The use of vertical channels 
was adopted because it simplifies the graphite structure 
and makes the design of the coolant circuit more con- 
venient. The weight of the graphite is taken on the 
diagrid structure, which consists of an I-section ring girder 
spanned with steel girders, forming a rectangular lattice. 
Across the members of the diagrid lattice are bolted steel 
base-plates, 4 in. thick, with holes in them to coincide 
with the channels in the graphite. These base-plates 
support the graphite through a number of races, which 
allow for differential thermal expansion of the diagrid 
and graphite. The weight of graphite and diagrid is 
taken by brackets directly through the walls of the 
Pressure vessel onto ten inverted A-frames, which rest 
on the thermal shield. These frames are loosely bolted 
0 the brackets on the pressure vessel and to the thermal 
shield, the three contact surfaces of each frame being 
radiused. In this manner, allowance is made for radial 
hermal expansion of the pressure vessel and diagrid, 
hen the frames roll slightly out of the vertical, while 
the bolts ensure that the rolling surfaces do not slip. 

_ The pressure vessel is of 2 in. welded steel plate, 37 ft 
in diameter and approximately 60 ft high. Fabrication 
was carried out on site. Extensive site-welding facilities 
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were set up, and the vessel was built up into five main 
sections, i.e., the bottom dome, the two parallel centre 
sections, the diagrid, and finally the top dome. Each butt 
weld was radiographed and all important fillet welds 
were examined by crack-detection techniques. The task 
of stress-relieving the completed vessel was achieved by 
radiant heating, which required a peak electrical load of 
about 14 MW. The vessel temperature was brought up 
to over 1020°F, and held there for 8 hours before being 
allowed to cool slowly and evenly. The vessel was then 
subjected to pressure tests. The use of hydraulic testing 
techniques would have overloaded the structure, and for 
this reason a pneumatic test was carried out. A constant 
check on the behaviour of the vessel by means of strain 


General view of Calder Hal! “A” 
completion. 


The concrete biological shield encloses the entire 
pressure vessel, and this shield is itself protected from 
radiation damage by a mild-steel thermal shield, 6 in. in 
thickness, between it and the vessel. Induced-draught 
air cooling is supplied to the space between the thermal 
and biological shields, and the outlet air is exhausted 
200 ft above ground level from the two stacks on the pile 
building. 

The fuel elements are rods of natural uranium, 1-15 
in. in diameter and 40 in. in length, in magnesium-alloy 
cans fitted with helical fins, so that the coolant gas flows 
in the annulus between the graphite and the fin tips. 

The reactor charge and discharge arrangements are 
accommodated on the pile roof along with the pile- 
control and shut-off gear. Emerging from the reactor 
top dome are the charging tubes, which terminate at the 
upper surface of the pile roof. An overhead crane lowers 
the charge chute into the desired charging tube, and the 
charge machine supplies fuel elements from a magazine. 
Conversely, the discharge machine removes spent fuel 
elements by withdrawing them up the charge chute and 
placing them in a basket, where they are kept cool. The 
basket is lowered into a coffin at the bottom of the dis- 


Fig. 1. power station nearing 


4\l 








charge well, the coffin lid is automatically positioned, and 
the coffin is withdrawn from the discharge room to be 
transported to the cooling-pile pond. The control rods 
and shut-off rods are made of stainless-steel tube lined 
with boron-steel fillers and are suspended through the 
roof of the pile. The charge-discharge deck of one of 
the reactors is shown in Fig. 2, in which can be seen, in 
addition to the control-rod actuators, the lightly shielded 
charge machine (rear left) and the heavily shielded dis- 
charge machine (rear centre). 





Fig. 2. View of the charge-discharge deck of one reactor. 

In the control-rod system, developed by Metropolitan- 
Vickers Electrical Co. Ltd., the actuating mechanisms 
(Fig. 3), sixty of which have been supplied for each of 
the two piles, combine the functions of control and shut- 
off, with the rods operating in vertical channels, thereby 
permitting the use of a gravity fall for shut-off. Con- 
trolled braking is used, so that a high launching speed 
can be attained with slow touchdown. Each actuating 
mechanism is designed to work in the pressurized carbon 
dioxide coolant circuit and is shielded from neutron 
bombardment. Electrical connections are brought 
through the pressure vessel to atmosphere. The control- 
rod assembly weighs 130 Ib, with an operational travel of 
21 ft, and is suspended by a special low-cobalt flexible 
stainless-steel cable, edge-wound between the side cheeks 
of the drum. The system provides for the operation of 
the control-rod actuating mechanisms in two groups, 
ie., “‘ coarse’? (up to 60 actuating mechanisms), and 
** fine ’’ (up to 4 actuating mechanisms). 

Owing to the absence of oxygen and water vapour 
under operating conditions, a particularly difficult 
lubrication problem arises. This has been solved by the 
use of a dry lubricant in the form of a molybdenum 
disulphide treatment, the use of normal oils being un- 
desirable and graphite lubrication unsuitable because of 
the lack of water vapour. 

The actuating mechanism employs a synchronous 
driving motor of the variable-reluctance type, with a 
three-phase wound stator, class “* H”’ insulated, and an 
unwound rotor. A solenoid clutch is fitted between the 
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motor shaft and the remainder of the meci 


ism, its 
purpose being to disengage the rotor of the m. or a 
the system, thereby reducing the inertia to be «. -elerated 
during shut-off. The clutch is operated by six . olenoids 
energized from the same supply as the motor. “..iould the 
rotor of the motor fail to be disengaged when «.: supply 
is opened, a shut-off action will still result, 0\, ug to the 


de-energized motor being back-driven. In th. event of 
loss of drive, an emergency winding handie can be 
attached and this mechanically engages the cluich. The 
eddy-current brake provides a controlled fall of the rod, 
and consists of two sets of permanent maynets with 
alternately opposed N and § poles. An eddy-current 
copper-clad steel disc rotates in the air gap between the 
magnets. The braking torque on the disc is controlled by 
varying the air-gap magnetic flux with a magnetic shunt 
mechanically operated from a cam, the correct rate of 
fall under shut-off conditions being programmed by the 
profile of the cam. The drive from the motor is via 
single-stage spur gearing and right-angled bevel gears, 
giving a total reduction of 20:1. 

Linear measurement of rod position is provided by a 
transmitter magslip driven by a gear-train from a cable- 
driven measuring wheel. A lever-operated switch with a 
** follower ’’ wheel on the winding cable detects “no 
tension ’’, this switch being used in conjunction with a 
second switch operated by the magnet shunt control 
cam to detect ‘‘ overrun ’’ or “‘ lost rod’’. This second 
switch is also used to check that the cam is correctly set. 

Coarse- and fine-control supplies to any of the 
actuating mechanisms are selected by means of change- 
Over switches mounted in distribution cubicles. These 
switches are connected to the main and auxiliary busbars, 
to which are fed coarse and fine supplies respectively. 
The coarse supply is generated by one of two identical 
frequency-converter sets, one set being installed purely 
for standby duty. Each frequency-converter set com- 
prises a 37:5-hp induction driving motor, a 22-kVA 
salient-pole a.c. generator, a differential gearbox, and a 
19-4-kVA frequency converter, mounted in line on a 
common bedplate. Fine-control supplies are provided 





Fig. 3. Actuating mechanism of control-rod system. 
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by two sine-potentiometers mounted in cubicles, each 
sine-potentiometer being basically a resistor chain fed by 
direct current and tapped to give a sinusoidal distribution 
of potential. Position control of the “fine” rods is 
carried out at the reactor control desk by means of 
manual drives to the sine-potentiometers. Rod travel is 
given by “* M”’-type indicators operating from the out- 
puts of the sine-potentiometers. The system is designed 
to move the rods ‘‘ in’’ when the frequency converter is 
running sub-synchronously, so that, in the event of a 
failure of drive to the frequency converter, the system 
will fail to safety by moving the rods “* in”’ 

The magslip indicator associated with each actuating 
mechanism not only shows the position of each rod, but 
also carries two lamps which indicate ‘‘ no tension ”’ and 
“lost or overrun rod ”’, these lamps being operated from 
the switches in the actuating mechanisms via fault- 
finding relay circuits. 

In addition to detecting faults which prevent further 
movement of the rods, safety circuits detect faults which 
necessitate de-energizing the actuating mechanisms and 
dropping the rods, thereby initiating a shut-down of the 
reactor. An emergency shut-down of the reactor is 
initiated from an emergency push-button on the reactor 
control desk, or from one of the shut-down circuits. All 
the line contactors and 415-V circuit-breakers are 
opened, thus removing the control supply from the main 
busbars and de-energizing the actuating mechanisms, so 
that the rods give shut-off action. At the same time, the 
sine-potentiometer supply is tripped, so that the fine 
rods also give shut-off action. The main turbines and 
ac. generators are tripped from relays operating on 
under-voltage at the main busbars, thereby preventing 
the turbines from being 
motored. Hence, complete 
shut-down of the plant 
occurs. 

To safeguard the re- 
actors in an emergency, 
stand-by batteries are used. 
Two sets of batteries, sup- 












































plied by Chloride Batteries Limited, each consisting of 120 
cells with a capacity of 1950 ampere-hours at a 10-hr rate 
of discharge, are provided. The batteries, which are 
assembled in lead-lined wooden boxes, are each con- 
nected in parallel with a twin-bulb 400-kW mercury-arc 
rectifier set at 270 V. Under normal conditions this 
provides a floating trickle-charge across the 120 cells 
(2:25 V per cell). The pumps, fans, instrumentation, and 
emergency lighting for each reactor are normally supplied 
by the rectifiers but, should their output fail, the batteries 
automatically take over the load. Each battery of 120 
cells is capable of supplying 1200 A for 30 min and, 
following an emergency discharge, the rectifier is capable 
of rapidly charging its battery and supplying the reactor’s 
auxiliary services at the same time. 

The hot CO, coolant is led away from the top of the 
pressure vessel by circular mild-steel ducts of 4 ft 6 in. 
diameter to the four heat exchangers, which are situated 
at the corners of the pile building (Fig. 4). The cool CO, 
coolant from the base of each heat exchanger is boosted 
by four main blowers and returned to the inlet manifold 
at the base of the pressure vessel. Motorized isolating 
valves of the wedge gate type are included in each hot 
and cold duct, and flow cascades are fitted at the bends 
in the ducts. The four CO, coolant blowers are of the 
single-stage centrifugal type with an overhung impeller. 
The overhung impeller arrangement has the advantage 
of requiring only one gland, but it has the additional 
advantage of facilitating an arrangement in which the 
gland and bearings can be so located that access to them 
can be obtained without exposure to radiation above 
tolerance level. The gland is of the face-sealed type. 

It was decided that control of the mass flow of 
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coolant could best be carried out by controlling the 
speed of rotation of the blowers in preference to varying 
the static pressure of the coolant system as a whole. 
Thus, the d.c. motors, which develop some 2000 hp each, 
are supplied from motor-generating sets in the blower 
house, permitting the blower speed to be varied over the 
range of 10: 1. About 2% of the mass flow through each 
blower is taken from the downstream side of the blower, 
filtered, and reintroduced to the system on the upstream 
side of the blower, with a view to preventing the accumu- 
lation of graphite dust and iron oxide in the coolant 
system. A constant check is kept on the water content 
of the coolant, which is kept down by alumina drying 
units, which hold the dew point of the CO, below the 
necessary limit. Continuous monitoring of the coolant 
gas stream for the detection of burst fuel elements is also 
carried out. One of the reactor control rooms, with its 
control desk and some of the comprehensive instru- 
mentation required, is shown in Fig. 5. 


oe, = 





Reactor control-room. 


Fig. 5. 

The mass flow of carbon dioxide through the reactor 
in normal operation is 1964 Ib/sec, and the inlet condi- 
tions, i.e., those at the circulator outlet, are 100 psi and 
284°F. The most important features of the large gas ducts 
between the reactor, heat exchangers, and circulators 
are the methods adopted to maintain a leak-tight system, 
combined with sufficient flexibility so that, despite the 
very considerable expansion differentials involved, the 
loads and moments on the reactor vessel, heat exchangers, 
and circulators to which they are connected are kept to 
very low limits. As a result, bellows of the tied type were 
adopted ; those for uniplanar deflections are of the 
single-hanger type, and, where flexibility is required in 
more than one plane in a circuit, they are of the gimbal 
type. To support the weight of the large ducts, valves, 
and bellows, constant-support-type hangers have been 
fitted. Some of the larger types employed were manu- 
factured in Great Britain for the first time. In general, 
each length of duct, valve, and bellows unit is individually 
supported. 

Over 20 tons of CO, are required to complete the 
filling of the reactor and coolant circuits. Charging is 
carried out by exhausting the system and then admitting 
CO,, which is generated from eight standard converters 
charged with blocks of solid carbon dioxide. Purging 
by repeated charging and discharging is necessary in 
the first filling. 

Each of the four Babcock & Wilcox heat exchangers 
(Fig. 6) is about 17 ft in diameter and some 80 ft high. 
The 30,000 sq ft of water-heating surface, comprising 
high-pressure and low-pressure economizer, evaporator, 
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H.P CIRCULATING PUMP 
Cut-away diagram of a heat exchanger. 


and superheater sections is made of mild-steel tubing. 
The gas surface of the tubes is extended by the use of 


elliptical steel-stud tube construction. 


Flow in the 


evaporator sections is by forced circulation from elec- 
trically driven pumps, which maintain a circulation rate 
of about four times the steam output of the section. Each 
evaporator has a single steam drum, 4 ft in diameter and 





Fig. 7. One of the heat exchangers in course of erection. 
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ig ft long, which contains co~ :ntional cyclones and 
grubbers. Particular attention !s been given to mini- 
nizing the possibility of steam or water leaking into the 
coolant circuit by keeping the number of tube joints 
contained within the pressure shell to a minimum. All 
tube joints sited within the first heat exchanger to be 
assembled were subjected to an abnormally high pressure 
iest, followed by a stringent vacuum test. The ends of 
each tube element pass separately through a sleeve in the 
pressure shell, so that, if leakage should occur at a joint, 
steam will escape to atmosphere. As in the case of the 
reactor pressure vessel, the final assembly of the heat 
exchangers was effected on site. Each heat exchanger 
arrived in nine main sections, consisting of the dished 
ends, the six circular centre sections, and the skirt. After 
the heat exchangers were assembled and inspected, the 
final welds were stress-relieved, and the heat exchangers 
were lifted onto their concrete plinths. One of these heat 
exchangers, in course of erection, is shown in Fig. 7. 


Fig. 8. Turbine hall, showing the four 23-MW steam turbo-alternators. 


The dual-pressure steam system used obviously adds 
complexity in the design and operation of the station and 
it was adopted only after careful consideration. The 
steam is taken to the generator house, which is situated 
between the pile buildings, where four Parsons turbo- 
alternator sets are installed (Fig. 8). The turbines are 
\wo-cylinder reaction machines of established design. 
Each turbine is directly coupled to a 3000-rpm air-cooled 
alternator of standard design, having a full-load capacity 
of 23 MW at 11 kV. The generators operate on a closed 
air ventilation system, the cooling air being provided by 
(wo motor-driven fan units working in parallel when the 
machine is fully loaded. 

Steam is supplied from the heat exchangers at two 
conditions, high-pressure steam at 185 psi and 590°F, 
and low-pressure steam at 38 psi and 340°F, the steam 
after expansion in the turbine being condensed in the 
surface condenser at a vacuum of 28-25 in. Hg. The 
lurbine runs at a speed of 3000 rpm and comprises a 
single-f!w high-pressure unit solidly coupled to a double- 
flow low-pressure unit. The blading throughout the 
turbine ‘s of the all-reaction type. Two steam chests, 
high-p sure and low-pressure, are arranged on opposite 
sides ¢ each turbine, and the two chests contain an 
tmerg: « y stop valve and governor valve. 

As '>e full heat output from the reactor must be con- 
sumed all times, the turbines normally operate under 
steam ;ssure control, this being the most effective way 
ofcont: .iling the gas temperature circulation between the 
heat ex: angers and reactor. The H.P. and L.P. governor 
valves, iergency stop valves, and the steam pressure 
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regulator are operated by power oil supplied by a gear- 
type oil pump mounted on a cross-shaft driven by worm- 
gearing from the steam end of the high-pressure turbine 
shaft. A lubricating-oil pump, supplying oil to the oil 
coolers and bearings, is mounted on the same cross-shaft. 






Fig. 9. Basement of turbine hall, showing (left) a dump condenser, and 
(right) a conventional condenser. 


The condenser is generally in accordance with modern 
power station practice and has a cooling surface of 32,500 
sq ft, using 1-in. diameter tubes, which are expanded 
into the tube plate at one end and sealed off with metallic 
packing and ferrules at the other end. To use any steam 
in excess of normal load requirements and to cater for 
the possibility of the station being suddenly disconnected 
from the grid when on load, steam dump condensers are 
provided, each being capable of taking the whole of the 
steam diverted from two fully-loaded turbo-generators. 
One of these dump condensers can be seen on the left 
of Fig. 9, which also shows (right) one of the conventional 
condensers. 


= + 

Fig. 10. Basement of turbine hall, showing feed-water de-aerators, steam 

receivers, a desuperheater, and the feed cooler for the heat exchangers of 
one reactor. 


Primary desuperheaters, using mechanically and 
thermostatically controlled spray nozzles, reduce the 
temperature of the steam entering the condenser to about 
300°F. Secondary desuperheaters are fitted in the top 
chamber of the condenser to reduce the temperature of 
the steam still further to saturation point. A desuper- 
heater can be seen in Fig. 10, together with feed-water de- 
aerators, steam receivers, and the feed cooler for the heat 
exchangers of one reactor. A diagrammatic layout of the 
feed-water system is shown in Fig. 11. 

A closed-circuit cooling-water system is employed 
for the condensers. Cold water at about 70°F is fed 
from the cold pond to the suction basin, where electrically 
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driven pumps send the water to the condenser battery. 
The hot water, at a design temperature of 87°F, is fed 
to the sprays in the two natural-draught cooling towers, 
whence it returns to the cold-side pond. The two 
cooling towers are each capable of cooling 3,000,000 
gallons of water per hour by 17°F. These cooling 
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Diagrammatic layout of feed-water system. 


towers have split basins and one pump-house serving 
the two reactors. The half-basin capacity is 687,500 
gallons, and the towers feed into a common suction 
basin at the pump-house, with dam boards for partial 
shut-down. Five pumps are available for delivering the 
water to the condensers of the two reactors. 


The Liquid-Metal-Fuel Reactor Closed-Cycle 
Gas-Turbine Power Plant 


By L. D. STOUGHTON and T. V. SHEEHAN. 


(From Mechanical Engineering, Vol. 78, No. 8, 


August 1956, pp. 699-702, 6 illustrations.) 


THE concept of the gas-cooled reactor has been familiar 
to the nuclear-energy field since the first reactors were 
constructed. However, these early reactors were pri- 
marily for research purposes or production of fissionable 
materials and not intended for the production of power. 
Atmospheric air or other low-pressure gases were often 
used or proposed as reactor coolants. The high pumping 
power, low heat-transfer rates, and temperature limi- 
tations resulting from corrosion by atmospheric air 
left something to be desired from the standpoint of the 
power industry. 

As a result of advances in the art of fabrication tech- 
niques for reactor-fuel elements, there now exist some 
promising types of high-temperature solid-fuel elements. 
When these elements are used to heat an inert gas, corro- 
sion problems are greatly reduced, if not eliminated 
entirely. The thermodynamic performance of the 
reactor core can be enhanced by using heat-transfer 
passages of small hydraulic radius and by raising the 
gas pressure. This will give higher heat-transfer rates at a 
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lower pumping power. Furthermore, if a satisfactory 
barrier can be maintained between the reactor fuel and 
the reactor coolant, this heated gas can be used directly in 
a closed-cycle gas turbine. 

The major advantages of the closed-cycle system result 
from its ability to use a clean, inert, high-pressure gas as 
the working fluid. Turbo-machinery sizes for units up 
to 200,000 kW net output remain within practical limits 
because turbine exhaust is at a relatively high pressure. 
Fluid passageways of small hydraulic diameter can be 
realized through the use of the clean, dry, and inert work- 
ing fluid, resulting in compact arrangements for the 
recuperator, precooler, and intercooler. Output can be 
varied by changing the pressure level, resulting in good 
part-load efficiency. Gas is added or removed from the 
system through apparatus located in the low-temperature 
portion of the cycle. | Cooling-water requirements are 
reduced because of sensible-heat rejection from the 
system, instead of latent-heat rejection. 

The closed-cycle turbine can utilize higher-temper 
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Fig. |. Diagrammatic arrangement of a 15,000-kW_ liquid-metal-fuel 


reactor closed-cycle gas-turbine power plant. 
ture materials efficiently as they become available, 
because Of the absence of corrosion and deposition 
problems. The thermal efficiencies with a turbine-inlet 
temperature of 1100°F range between 25 and 33%, and 
with a turbine-inlet temperature of 1500°F between 36 
and 44%. 


LiquID-METAL FUEL 


A liquid-metal reactor fuel is now being developed by 
the Brookhaven National Laboratory for use in a liquid- 
metal-fuel reactor designed to produce steam of 900 
(0 975°F for a central-station power plant. This fuel is a 
solution of uranium dissolved in molten bismuth. 
Bismuth has a boiling point at atmospheric pressure of 
2691°F and is thus suitable for high-temperature applica- 
tions without necessarily requiring high pressure. Its 
low absorption cross-section for thermal neutrons 
results in good neutron economy for the reactor core. 

There are certain outstanding features of uranium- 
bismuth solution, when used as a reactor fuel, viz:— 

(1) It can be circulated through the core at a sufficient 
rate to carry the heat generated in the reactor core to an 
external heat exchanger. This means that core-design 
parameters need not include heat-transfer surface. 

(2) It is not subject to radiation damage, a factor 
which seriously influences the usable life of a solid- 
luel element. However, bismuth will absorb some neu- 
rons and form the dangerous element polonium, but this 
hazard is considered not greater than that caused by the 
presence of fission products. 

(3) It can be handled by pumping and does not require 
the handling mechanisms and removable closures used 
with solid-fuel-element systems. 

(4) It can be processed continuously, i.e., fission 
products can be continuously removed from the system 
and fresh fuel added at a rate to compensate for the fuel 
Consumed in the core. 

(5) There is no limit on fuel burn-up, which means 








shat lares quantities of unspent fuel are not required to be 
reprocesed, 

(6) « ontrol mechanisms are not required because of 
the lare negative temperature coefficient of reactivity, 
Which eo bles the reactor core to be self-compensating 
for loac “anges, and because the continuous addition of 
hew fue’ ~equires no excess inventory of uranium to be 
held in ti core. 

Types Or > EACTOR 

Whe liquid-metal-fuel reactor is used as a heat 
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15,000 kW rated output, because such plant is readily 
available. It is designed to operate with nitrogen as the 
working medium in the cycle. However, nitrogen will 
absorb a few of the thermal neutrons in a reactor core. 
The effect of pressure changes on reactivity and the 
presence of small amounts of radiocarbon (resulting 
from the capture of a neutron by a nitrogen atom) in the 
cycle working fluid remain to be assessed. Helium pre- 
sents a more desirable choice because of its negligible 
thermal-neutron-absorption cross-section and its excel- 
lent heat-transfer characteristics. Design of helium 
turbo-machinery is at present being given serious con- 
sideration. 

The proposed cycle diagram is shown in Fig. 1. The 
gas is compressed from 124 psia to 256°8 psia in the first 
compressor, intercooled, and further compressed to 523 
psia in the second compressor. After being -heated to 
765°F in the recuperator, the gas is further heated to 
1292°F by the liquid-metal-fuel reactor. The gas then 
expands through a turbine which is mechanically coupled 
to the compressors and also drives the generator through 
a speed-reduction gear. The expanded gas gives up heat 
in the recuperator to the precompressed working fluid 
and returns through a precooler to the compressor inlet. 





SSS SS SS 


























Fig. 2, Externally cooled liquid-metal-fuel reactor. 
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The rated output of 15,000 kW is produced by a gas flow 
rate of 294 Ib/sec at the pressure levels indicated in the 
foregoing. This cycle converts the nuclear energy into 
electrical energy at the generator terminals with an 
efficiency of 34°1%. 


Externally Cooled Reactor 


The basic elements of an externally cooled system 
include the reactor core where heat is generated in the 
uranium-bismuth, a heat exchanger for transferring this 
heat to the cycle working fluid, and a pump for circulat- 
ing the uranium-bismuth stream. As shown in Fig 2, 
these elements can be contained in a single vessel, which 
minimizes the uranium-bismuth inventory and somewhat 
simplifies the containment problem. Since the primary 
heat-transfer surface is not in the reactor core, core 
design is relatively simple. 

The 15,000-kW gas-turbine system will require a heat- 
generation rate of 150,000,000 BTU/hr. A total of 2500 
U.S. gpm of bismuth, containing 1500 ppm of uranium in 
solution, enters the reactor core at 1200°F and is heated to 
1500°F. The core is a 34-ft right cylinder of graphite 
with holes for the uranium-bismuth solution amounting 
to 50% of the core volume. About 250 gpm of the 
fuel solution will by-pass the core and remove the heat 
generated in the 3-ft reflector. The 1500°F U-Bi solution 
then passes through the shell side of a tube-and-shell heat 
exchanger. The power-plant working fluid is heated to 
1292°F as it passes through the tube side. The U-Bi is 
circulated back through the core by an axial-flow pump. 
This equipment is arranged in a single pressure vessel 
which is filled with graphite. The heat exchangers and 
pump are located in wells and can be removed by discon- 
necting flanges on the top head of the vessel. The pump 
can be driven by an electric motor or a turbine using 
the power-plant working fluid. U-Bi flows through 
passageways in the graphite. Volatile fission products 
can be removed from the free bismuth surface between 
the exchangers and the pump. About 4 gpm of U-Bi 
is continuously circulated through a processing plant 
which is located outside the vessel. Fission products are 
removed by contacting this U-Bi stream with a molten 
eutectic of certain chloride salts, a method which is now 
being developed. Fresh uranium is then added to the 
U-Bi and the processed stream is returned to the core. 


Internally Cooled Reactor 


In the internally cooled arrangement, the liquid fuel 
can be used as a “* fixed ’’ fuel element. The total uranium- 
bismuth inventory is reduced because the liquid fuel is 
not circulated through an external heat exchanger. The 
high-temperature fuel is confined to the reactor core. 
Since the power-plant working fluid may be heated 
directly in the core for optimum performance, the 
moderator can best act as the barrier between the fuel 
and the gas. Either graphite or beryllium would be 
suitable moderators. 

For the gas-turbine application, the reactor core could 
be assembled from a number of 1-ft cubical graphite 
blocks, each drilled with a set of vertical holes and a 
set of horizontal holes. The uranium-bismuth fuel is con- 
tained in the vertical holes and the power-plant working 
fluid is heated as it passes through the horizontal holes. 
Four blocks are cemented together with vertical fuel holes 
in alignment, and sixteen of these groups are stacked 
together to form the 4-cu ft reactor core, as shown in 
Fig. 3. The liquid fuel can be circulated through the 
core at a low rate sufficient for processing via graphite 
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tail-pieces cemented to the ends of each grou, of blocks. 
One end of each tail-piece is cored and cemc.::ed to the 
group of graphite blocks, in order to gather a:.... distribute 
the fuel. A graphite-to-metal tube joint is :1de at the 
outer end of each tail-piece, so that the fuel ci... enter and 
leave the reactor vessel through metal tubes. 
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Fig. 3. Internally cooled liquid-metal-fuel reactor. 

The core can be surrounded by either a reflector or 

a breeding blanket, depending upon the application. For 
breeding applications, cross-drilled graphite tlocks simi- 
lar to the core sub-assemblies would be used. Thorium- 
bismuth slurry, which is being developed as a breeder 
fluid, would be in vertical holes. A _ portion of the 
power-plant working fluid would be diverted through 
appropriate horizontal holes, whether or not the reflector 
contained breeding fluid. 


CONSTRUCTIONAL MATERIALS 


The success of a liquid-metal-fuelled reactor as the heat 
source for a closed-cycle gas-turbine power plant will de- 
pend primarily on the development of a suitable container 
material for uranium-bismuth at the required tempera- 
tures. In both the internally and externally cooled 
arrangements, the container material must not react 
with the uranium-bismuth and must prevent diffusion 
of fission products into the power-plant working fluid. 

The Brookhaven National Laboratory is now 
developing container materials for use at 1050°F in the 
steam plant mentioned previously. In addition to 
uranium, there are several metals which are soluble in 
bismuth. They range from iron at a few ppm to nickel, 
copper, aluminium, and magnesium at several per cent 
Materials which appear to be practically insoluble in 
bismuth are beryllium, molybdenum, niobium, tantalum, 
and tungsten. It has been found that the addition ot 
soluble inhibitors, such as zirconium, to a uranium: 
bismuth low-alloy-steel system at 1050°F can prevent 
corrosion by forming a protective zirconium nitride laye) 
on the steel. Work on uranium-bismuth-graphite system 
at 1800°F has shown that zirconium also forms a !ayey 
of zirconium carbide on graphite, thus preventin 
reaction between uranium and carbon. ~ 

For the externally cooled arrangement, it Is not y¢ 
known whether the inhibiting layer will be satisfactory 
on a heat-exchanger tube material which has 200 
mechanical properties at 1500°F. An alternative approacy 
may be cladding the bismuth side of the tubes with ong 
of the insoluble metals such as molybdenum or tantalum 
In the internally cooled arrangement, it is not yet cert 
whether graphite will prevent the diffusion of fissiog 
products from uranium-bismuth into the gas, but i 
hoped that certain surface-impregnation techniques ¥" 
effectively prevent fission-product diffusion. 
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The Corrosion of Structural Metals by Liquid Metals 


By W. D. MANnLy. (From Corrosion, Vol. 12, No. 7, July 1956, pp. 46-52, 19 illustrations.) 


Tue corrosion of structural metals by liquid metals 
depends for the most part on the rate of solution and the 
extent of solubility of the solid metal in the liquid metal. 
It should be noted, however, that many complicating 
factors can influence the solution rate or the attainment 
of the solubility limit. The formation of surface inter- 
metallic compounds and oxide or nitride films are good 
examples of such factors. In addition, mention may be 
made of impurities in the liquid metals which can increase 
the solution rate. Still other factors are temperature 
gradients and multi-metallic systems, which can cause an 
increase in the amount of attack over that expected to 
saturate the liquid metal, because of the mass transfer of 
material under the driving force of the temperature 
gradient or the concentration gradient. 

In the short time that interest has existed in the 
corrosion characteristics of liquid metals, many testing 
methods have been developed to determine the inter- 
action between liquid metals and solid metals. These 
methods range from the very simple static capsule test to 
the expensive and complicated forced-circulation loop 
tests which carefully reproduce the operating conditions. 

Several types of corrosive attack of solid metals by 
liquid metals have been observed and may conveniently 
be arranged in six categories, i.e., (1) simple solution ; 
(2) alloying between liquid metal and solid metal ; (3) 
intergranular penetration ; (4) impurity reactions ; (5) 
temperature-gradient mass transfer ; and (6) dissimilar- 
metal mass transfer, or concentration-gradient mass 
transfer. 

Several variables affecting liquid-metal corrosion 
must be considered, these being (1) temperature ; (2) 
temperature gradient ; (3) cyclic temperature fluctuation; 
(4) ratio of surface area to volume ; (5) purity of the 
liquid metal ; (6) flow velocity or Reynolds number ; 
(7) surface condition of the container material ; (8) 
number of materials in contact with the same liquid 
metal ; and (9) condition of the container material (the 
presence of a grain-boundary precipitate, the presence of 
a second phase, the state of stress of the metal, and the 
grain size). 

Temperature is one of the most important variables, 
because the higher the temperature the higher the solu- 
bility of the solid metal in the liquid metal. Also, as the 
temperature increases, diffusion rates increase. This is 
quite important in certain types of liquid-metal corrosion. 

When a temperature gradient exists in a liquid-metal 
system, the difference in solubility of the dissolved metal 
in the liquid metal in the hot and cold parts of the system 
gives rise to temperature-gradient mass transfer. 

The cyclic temperature fluctuation is helpful in ex- 
Plaining erroneous static corrosion results, since in a 
Supposedly isothermal condition in a poorly controlled 


furnac» the liquid-metal/solid-metal interface tempera- 
ture cs fluctuate quite appreciably around a mean 
temper ‘ure. Thus, at the high temperature, material 
80es I» solution and subsequently at the lower tem- 
Peraturs comes out of solution and precipitates in the 
bulk lic “d, or forms dendrites or a uniform layer on the 
contain» wall. The Cu-Bi system is an example of this ; 
at 500 5°C the corrosion rate is several times greater 
than th - at 500 + 0-5°C. 


The tio of surface area of the solid metal to the 
Volume of liquid metal is a controlling factor in the 
OCTC .ER, 
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amount of corrosion experienced in a solid metal con- 
tainer in a static system, inasmuch as the metal will 
corrode sufficiently to saturate the liquid metal at the 
operating temperature. Therefore, as the ratio of the 
surface area to volume decreases, the amount of corrosion 
increases. 

The purity of the liquid metal can have quite an effect 
on the rate at which the solubility limit is reached and can 
markedly affect the wetting tendency of the liquid metal 
on the solid metal. 

The flow velocity, or Reynolds number, is important 
in a forced-circulation pump loop only in that a decrease 
in the thickness of the lamellar layer in the hot and cold 
legs occurs as the flow velocity increases. Thus, when 
metal atoms pass from the hot leg to the cold leg, the 
diffusion paths are shorter in these two regions. 

The surface condition of the container material is not 
a particularly important variable, provided that it is free 
from surface films. After equilibrium is reached between 
the liquid metal and the solid metal, the surface condition 
should have no effect. Its primary effect then would be to 
change the rate at which the liquid metal is saturated. 
The greater the surface area exposed, the faster the liquid 
would become saturated. 

When two or more solid metals are in contact with a 
liquid metal, the phenomenon of dissimilar-metal mass 
transfer should be considered, even when the temperature 
is constant. Equilibrium is attained in a multi-compo- 
nent, multi-phase system only when the chemical 
potential of each component in any given phase is equal to 
its chemical potential in every other phase. A redistribu- 
tion of the components between the phases of the system 
will therefore tend to occur until the condition of the 
equality of the chemical potentials is satisfied. The driving 
force for this process is thus associated with the equaliza- 
tion of the chemical potentials, resulting in a decrease of 
the free energy of the system. 

The condition of the container material, with respect 
to grain size and other variables, must be considered, 
because the wettability of individual grains is different 
from the wettability of grain boundaries. A continuous 
carbide or oxide network at the grain boundary can 
greatly increase the corrosion which will be experienced. 

In all liquid-metal corrosion tests, these variables 
must be considered and controlled to obtain information 
which will be useful in the overall understanding of the 
suitability of solid metals as containers for various liquid 
metals. 

The first example of liquid-metal corrosion to be dis- 
cussed is the simple solution type of attack. In the case 
of a pure metal, an example of the even removal of metal 
from the surface to saturate the liquid metal is illustrated 
in Fig. 1, which shows the surface of a titanium specimen 
after being exposed to lead at 1000°C for 40 hr. In the 

case of a complex alloy the attack also can be a simple 
solution type, an example being the corrosion of Type 304 
low-carbon stainless steel in sodium after 40 hr at 1000°C. 

If all the phase diagrams of liquid-metal/solid-metal 
systems were available, it would be possible to ascertain 
the depth of attack that would occur in a static system as a 
result of simple solution by examining the solubility limit 
of the solid metal in the liquid metal at the operating tem- 
perature. There would be no conception, however, of the 
rate at which the solubility limit was achieved. Thus, 


419 





: ie 
Fig. 1. Even surface removal from a spec 
in lead at 1000°C. (x 53) 

after examining the Fe-Li phase diagram, it would be 
expected that the amount of attack of iron by lithium 
should be quite small in a static, isothermal system. 
Corrosion tests have confirmed this. Therefore, in the 
simple solution type of attack, the amount of damage the 
solid metal will receive depends on the ratio of metallic 
surface area to liquid volume of the system, but the rate at 
which the attack occurs can be influenced greatly by other 
variables, such as impurities in the system. 

The next type of corrosion to be discussed is the 
alloying occurring between liquid metals and solid metals. 
In this case, there must be some solubility of the liquid 
metal in the solid metal. In some experiments the liquid 
metal dissolves considerably in the solid metal with the 
formation of an intermetallic compound. When vanadium 
is tested for 400 hr in lead at 1000°C, an intermetallic 
compound is formed between the vanadium and lead. 
When Type 446 stainless steel is tested in lead at 1000°C, 
it is found that, after 400 hr, lead has diffused into the 
alloy, predominantly at the grain boundaries, and has 
formed a compound. Sodium will penetrate solid copper 
at the grain boundaries and will form an intermetallic 
compound considerably harder than the base metal. 

One of the more serious types of corrosion that can 
occur is the deep intergranular penetration brought about 
by the selective removal of one constituent from an alloy. 
The best example of this is the selective removal of nickel 












Fig. 2. Type 304 low-carbon stainless steel after 400 hr in lead at 
1000°C. (x53) 
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from austenitic stainless steels. Fig. 2 shows a1 se 304 
low-carbon stainless steel after 400 hr of testing «1 lead 
at 1000°C. 

Another example of this type of corrosion is «iven in 
Fig. 3, which illustrates the attack on Type 304 low- 
carbon stainless steel after 400 hr in lithium at 100°C, A 
considerable portion of the attack is attributeu to the 
removal of nickel caused by the alloying of the nicxel with 
the iron container wall. It is assumed that the attack 
would have been less severe if the specimens :ind con- 
tainers had been of the same material. The selective 
removal of nickel from a 75% Ni/25% Mo alloy also 
occurred in a sample from the hot leg of a thermal-con- 
vection loop which operated for 200 hr with lead at 
800°C and with a 300°C temperature gradient. In this 
case the nickel was preferentially removed from the hot 
zone and deposited in the cold zone of the loop. 

In liquid metals, impurities such as oxygen, nitrogen, 
and carbon can have an appreciable effect upon the rate 
of attack. In some cases the whole mode of attack can be 
changed because of the effect of the impurity on the sur- 
face tension or because of the reactivity of the impurity. 
An example of this is to be found in the attack of stainless 
steels by lithium when nitrogen is the principal con- 
taminant. 





Fig. 3. Type 304 low-carbon stainless steel after 400 hr in lithium at 
1000°C. (x 155) 

A shallow attack is produced by pure lithium at 
800°C in 100 hr on Type 316 stainless steel ; however, if 
the lithium is contaminated with a small quantity of 
nitrogen, the complete tube wall, 0-035 in. in thickness, 
will be penetrated by the lithium during the same type of 
test. This is caused by lithium nitride reaction with the 
carbides forming the grain-boundary network, since a 
test on Type 316 stainless steel with lithium contaminated 
with nitrogen resulted in shallow attack when the testing 
temperature was above the solution temperature of the 
carbides. 

High-temperature alloys can be severely carburized 
by liquid metals, especially by sodium and lithium, if the 
liquid metals have been stored under kerosene or have 
acquired carbonaceous material from some other source. 
The carburization, after a long service period, of Type 34 
stainless steel by sodium contaminated with carbon |s 
shown in Fig. 4. In corrosion by sodium, oxygen 1m- 
purities can have an appreciable effect on the rate al 
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Fig. 4. Heavy carburization after prolonged service of Type 347 stainless 
steel by sodium contaminated with carbon. (= 135) 


which the solubility limit is attained. In lead the oxygen 
contamination, if anything, decreases the rate of corro- 
sion, inasmuch as most of the constituents of high- 
temperature alloys can reduce the lead oxide and form a 
film which will act as a diffusion barrier between the solid 
metal and the liquid. 

The most damaging type of liquid-metal corrosion is 
temperature-gradient mass transfer. The even removal 
of a slight amount of a container wall will not adversely 
affect its load-carrying abilities; however, the collection 
of this material in the colder regions of heat-exchanger 
tubes as dendritic crystals would cause a cessation of flow. 
An example is a matte of mass-transferred material 
which formed a plug in an Inconel-Pb thermal convection 
loop operated for 125 hr at 800°C. In some loop experi- 
ments the crystals do not grow from nuclei in the bulk 
liquid. Instead, mass-transferred material nucleates on 
the wall and the crystals grow out into the stream (Fig. 5). 

The driving force for temperature-gradient mass 
transfer is the difference in solubility of the dissolved 
metal in the liquid metal at the temperature extremes of 
the heat-transfer system. If the Cu-Pb phase diagram is 
examined, it will be seen that there is considerable solu- 
bility of copper in lead at 900°C, whereas the solubility at 
500°C is much lower. Thus, examination of the phase 
diagram can determine the driving force for this pheno- 
menon, but will provide no information regarding the rate 
of the process. 

In considering the various steps in a temperature- 
gradient mass transfer through which metallic atoms 
must go, if there is selective removal of one element from 
an alloy, these atoms must diffuse to the surface and then 
go into solution. The atoms must then diffuse through 
the lamellar layer into the bulk liquid stream and finally 
be carried to the cold portion of the system, where super- 
saturation will occur. A collection of such atoms can 
accumulate and form a nucleus which will grow to a stable 
size and then drop from the liquid. On the other hand, 
the atom May supersaturate close to the wall, diffuse 
through the lamellar layer, and then nucleate on the 
metallic wall and form a dendritic crystal or diffuse into 
the wall. As yet, the rate-controlling step in temperature- 
gradient m.iss transfer has not been found. 

To obt:'n more data on mass transfer in liquid lead, a 
series of giartz thermal-convection loops was operated 
with varios alloys and the elements comprising the 
alloys. Re: Its of these tests have indicated that the rate- 
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Fig. 5. 


controlling step for mass transfer by lead at the velocities 
used in the thermal-convection loop is probably the solu- 
tion step in the hot leg. For example, it was found that 
the formation of an intermetallic compound (or other 
type of diffusion barrier) in the hot zone greatly increases 
the time elapsing before a plug occurs in the loop. 

The last type of liquid-metal corrosion to be discussed 
is dissimilar-metal mass transfer or concentration- 
gradient mass transfer. The best example obtained at the 
Oak Ridge National Laboratory is the interalloying be- 
tween molybdenum and nickel. In this case the molyb- 
denum sample was being tested in sodium contained in a 
nickel crucible. After 100 hr at 1000°C, a sufficient 
quantity of nickel had transferred through the sodium 
and deposited and alloyed on the molybdenum surface to 
produce the Ni-Mo intermetallic compound and solid 
solution. 

Another example of this phenomenon resulted in the 
course of testing lump silicon with lithium in an iron cap- 
sule, when it was found that all the silicon had gone into 
solution in the lithium and had been carried to the wall 
of the iron container, where alloying of the iron with the 
silicon occurred. 

Dissimilar-metal transfer can cause many misleading 
results, as was the case, for instance, when Type 304 
stainless steel was tested with lithium in two types of con- 
tainers, one of Type 304 stainless steel and the other of 
iron. With the stainless-steel container, the attack was 
rather shallow, whereas it was much more severe in the 
case of the iron container. This situation came about 
because of the selective removal of nickel, which was 
transported to the iron wall, where alloying of nickel with 
iron occurred, allowing the corrosion process to continue. 





Iron crystals formed in a Type 410 stainless-steel thermal- 
convection loop after operating for 40 hr with lithium at 1000°C. 


When dissimilar-metal mass transfer takes place, 
atoms of one metal go into solution and move to the 
surface of the other metal, either by diffusion and/or by 
movement of the liquid. When these atoms reach the 
surface of the other metal, they come out of solution, 
alloy with it, and diffuse inwards. The driving force for 
dissimilar-metal transfer is the decrease in the free energy 
achieved through the alloying of the two metals. 

The larger the difference between the chemical po- 
tentials of the two metals in the two solid phases, the 
greater will be the driving force for the occurrence of 
mass transfer. The rate of mass transfer is dependent on 
the temperature, inasmuch as an increase in temperature 
will increase the diffusion rate in both the liquid and the 
solid phases. A high solubility of one metal in the other 
will also facilitate this type of mass transfer. 


421 













A New Method of Calculating the Electrical Stresses 
in a Winding Subjected to a Surge Voltage 


By P. WALDvoGEL and R. RouxEL. (From The Brown Boveri Review, Vol. 43, No. 6, June 1956, 
pp. 206-213, 7 illustrations.) 


The theory of transient phenomena in a winding subjected to a surge described in this article is based 
on a subdivision of the winding into elementary coils, and a consideration of the canacitances between 
coils and to earth, as well as of the self-and mutual inductances. 
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particularly to those of rotating machines. The method dr dr dr 
described finds its main practical zpplication in the pre- for 1S n <2m~—1.. (2) 


Despite their special application to transformer windings, jon des . 
in — ing1 + c( a u ) 









































determination of the electrical stresses caused by surge a 
waves, but it also applies, much more generally, to the Recalling that eo = E (constant) and e2» = 0, it will 
investigation of all transient phenomena in windings. be seen that 2m eqs. (1) and 2m-1 eqs. (2) exist for the = 
2m-1 function of e and the 2m functions of i. Thus, 8 
THEORY mathematically the problem is completely defined, 

A theory will be developed for determining the tran- provided the following initial conditions are taken into 7 
sient voltage distribution in a uniform winding after the account : (3) 
sudden application of a voltage E to the terminal, the (1) For t = 0 all currents are zero and, from eq. (2), ina 
other end of the winding being earthed. The assumptions also the first derivatives of all voltages. the 
upon which the associated equivalent circuit (Fig. 1) are (2) For t = 0 the electrostatic charges of all nodes of case 
based are as follows :— the fundamental system are zero. enti 

(1) The uniform winding is subdivided lengthwise 
into elements or elementary coils which are identical with MATHEMATICAL SOLUTION OF THE PROBLEM lead 
respect to each other. The solution of a system of linear differential equa- witk 

(2) Each of these elements has a capacitance K to tions with constant coefficients constitutes a classical cells 
earth, a capacitance C to the adjacent elements (or inter- problem and presents no difficulties. In the present case, cale 
turn capacitance), a self-inductance, and a mutual induct- the symmetry of the equivalent circuit and the boundary amo 
ance with all the other elements. A single, unique sym- conditions enable the entire system to be split into two num 
metrical function /ng of (n-q) with a single maximum de- independent branches, when the following sums and } 
fines all the mutual inductance coefficients (n-g + 0) and differences of the currents and voltages are introduced as poss 
also the self-inductance (n-g = 0), Fig. 2. It is the fact new variables : tion 
that mutual inductances are taken into account which ee = ei oe any 
constitutes the originality of this method. i ee teen 4 = ole of cc 

K is then replaced by aC, and /ng by @|n— ¢\/, where ik as ere, T 
/is the self-inductance of a coil so that a|,—9| = ao= 1. ‘ : ings 

(3) The theory neglects the mutual capacitances be- ee — ill prov. 

: . A s ° m T lm+1 mAl em ml 
tween non-adjacent elementary coils—a_ simplification trans 
which is justified. a oe ee ae (3) ff simp 

(4) Since winding resistances are neglected, it follows ee ees he cl 4 5 ally t 
that theory and experiment will coincide only as long as : a in pa 
the losses and damping fail to have any influence. This end t 
period can be determined only by experiment. : ae ne ; Ys degre 

The differential equations for all the voltages and ee pe, Vee ew no dit 
currents of the system can be written as follows : “i vei ss : of on 

2m di After eliminating the currents, whose behaviour is less J "atur 

€n—-1— Cn = 1 I M\n—-¢ | ~” for 1 <n<2m.. (1) interesting, two systems of the m and (m-1) order are — 
q=1 dr obtained for the voltages Yi and Y2. The transformation , : 

(1) (2) (n-1) (n) (n+1) (2m) canno 

en oe we ee ccs RST — Bes 

. 00 ] ve a 00 7 00 7 00 joes 00 efficies 

/ / / / / / / / results 

/ / / / capaci 
£0 | e, | e2 / En-1 | Cn / e,+1 / Com-1 / €2m Ventio 
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Fig. 1. Equivalent circuit of a winding subdivided into 2m identical adjacent elements. discs, 
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Fig. 2. The function « of (n—g) representing all the coefficients of mutual 
inductance (n—gq +0) and self-inductance (n—g = 0) 


(3) enables the problem of a four-cell winding to be solved 
inasimple manner ; it leads to two equations, i.e., one of 
the second and one of the first degree. In practice, this 
case is not of great significance, since a subdivision of the 
entire winding into only four parts is far too coarse. 

With the matrix notation, the transformation (3) also 
leads to the same simplification in the case of 2m > 4, and 
with sufficient calculation work the number of elementary 
cells can be practically doubled. With the aid of a modern 
calculating machine it is thus feasible, with a tolerable 
amount of calculation, to subdivide the winding into the 
number of cells necessary in practice, e.g., twenty cells. 

Moreover, the use of a calculating machine makes 
possible an important generalization, i.e., the investiga- 
tion of the behaviour of a winding under the influence of 
any wave shape of the surge voltage—a problem which is 
of considerable practical importance. 

The mathematical transformation for uniform wind- 
ings is equally applicable to non-uniform windings, 
provided the symmetry of the winding with respect to a 
(ransverse plane is preserved. By making use of the 
simplification described, it is possible to study systematic- 
illy the effect of a lack of uniformity in the winding and, 
in particular, the effect of reinforcing the insulation at the 
end turns. It is important to emphasize that a different 
degree of reinforcement of the turns at the two ends raises 
no difficulties, since the phenomena in the neighbourhood 
of one of the ends remain practically unaffected by the 
nature of the insulation at the other. 


EXPERIMENTAL VERIFICATION 


A mathematical theory for such complex phenomena 
tannot be accepted without experimental verification. 
This comprises two distinct aspects : 

(1) The direct measurement of the characteristic co- 
efficients of the various elements, and comparison of the 
results with those obtained from a calculation of the 
tapacitences and inductances in accordance with con- 
ventions! methods. 


(2) 7 ‘e recording, by means of a cathode-ray oscillo- 
graph, «" the overvoltages in the winding when this is 
subjecte 


' ‘0 a surge voltage of rectangular wave shape, 
and a comparison with the results produced by the 
analogue “omputer. 


The ¢ regoing theory has been applied to a model 


\ransforrr, the essential characteristics of which are as 
follows : 

_ The r-imary winding is uniform and consists of 60 
discs, ea: : of 15 turns ; the distance between discs is 
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4-5 mm ; the total axial length is 1450 mm ; the inner 
diameter is 590 mm and the outer diameter 724 mm. 

The inner secondary winding was replaced by a cylin- 
drical aluminium shield, which was short-circuited along 
its full length after preliminary experimental investiga- 
tions had shown that such a substitution did not essen- 
tially alter the transient phenomena in the primary wind- 
ing. Diameter of the shield = 504 mm ; length = 1500 
mm ; thickness = 1 mm. This shield surrounds a cylin- 
drical core of 360 mm diameter, formed by a sheet of 
transformer steel. 

The whole arrangement is tested in air with the end of 
the primary winding, the shield, and the core connected 
direct to earth. A guard ring, connected to the entrance 
of the winding, makes it possible to produce an exact 
model, the capacitance of the first disc being twice that of 
an ordinary disc. The winding is subdivided into 10 
elements of 6 discs each (m= 5). This subdivision 
appears to be sufficiently fine. 


Determination of the Constants 


Measurements of the self- and mutual inductances, 
carried out at frequencies between 50 and 16,000 cps, show 
that for frequencies of 16,000 cps and above the inductance 
of the elements remains essentially constant and does not 
in practice depend on the position of the element in the 
winding ; this confirms the basic assumption regarding 
the function /ng or the coefficients a. Furthermore, it has 
been confirmed that the choice of 16 kcs for the measure- 
ment of the inductance of an element was justified because 
this frequency proved high enough to produce the full 
skin effect. On the other hand, it was sufficiently low to 
ensure that the electromagnetic phenomena were not 
disturbed by internal capacitances. The first natural 
frequency of an element was in fact found to be rotfnd 
about 120 kcs. The results of these measurements with the 
notations used are as follows : 


1 = 3-10 mH* as = 0:02 
a1 = 0-47 as = 0-01 
a2 = 0:16 a7 = 0-01 
a3 = 0:07 ag = 0-01 
Qa = 0:04 dg => 0-01 


Measurements of the capacitances are carried out by 
means of a classical bridge method. The capacitance be- 
tween the winding and the shield has a value of 635 pF. 
Considering the stray capacitances, the parallel capaci- 
tance per element is found to be about 61 pF. 

The capacitance between discs (series capacitance) is 
measured by severing the connection between the first two 
discs. It is thus confirmed, as had been originally as- 
sumed, that the capacitances to the other elements exert a 
negligible effect on this measurement. 

The capacitance between two adjacent discs was found 
to be C’ = 295 pF. In order to include the effect of the 
connection which is always present (either on the inside or 
the outside) between two simple discs, this capacitance 
must be divided by a factor of 3. This factor results from 
an integration of the electrostatic energy over the radial 
height, based on the assumption of linear distributions of 
the capacitance and of the voltage. Furthermore, the 
change from the equivalent capacitance between discs, 
C" = 295/3 pF, to the series capacitance between the cells 
C, is based on the following reasoning, which assumes a 
linear voltage distribution within any element. An element 
is composed of six simple discs, so that each capacitance 
C" is subjected to a third of the voltage across the element, 





* Mean value of the various elements; the extreme values are 3°28 
and 3°03 mH. 
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and, as the number of spaces between simple discs is six 
per element, it follows that 
cc 2 


C= 32 x 6 = -C'= x 295 = 66 pF. 


2 
9 ~ &@9 
The calculation of the self and mutual inductances of 
the various elements from the geometrical dimensions can 
be carried out readily with the aid of suitable tables. The 
use of formulae for the inductance of windings containing 
no iron is therefore admissible, because the short-circuited 
shield screens the iron core from the magnetic field. The 
calculated values are as follows :— 


/ = 3:20 mH a5 = 0:02 
a1 = 0-43 ae = 0:02 
az = 0:16 a7 = 0-01 
as = 0:08 as = 0-01 
a4 = 0:04 ag = 0-01 


The agreement with the measured values of these 
coefficients is completely satisfactory. 

The calculation of the capacitances raises no diffi- 
culties. Thus, for the parallel capacitance of an element 
K = 61 pF, and for the capacitance between disconnected 
discs C’ = 285 pF. These values agree well with the 
measurements. 


Internal Voltages in a Winding Subjected to a Surge Voltage 


(a) Measurement of the Voltage Distribution. The 
oscillograms were recorded under the following condi- 
tions : The end of the winding, as well as the shield and 
the core, was earthed direct ; voltage of surge generator 
1000 V ; wave shape 0-031500 psec ; and time sweep 
25 psec. The experiment shows that such a wave shape 
produces practically the same transient phenomena in 
the winding as a step wave of infinite duration. This 
clasm is confirmed by calculation. 

















Fig. 3. Comparison of the calculated and measured voltages in a winding 
subjected to a rectangular surge voltage. 


Some of the results obtained from these measurements 
are reproduced in the dotted traces of Fig. 3; these 
traces represent three of the nine voltages e1...e9 asa 
function of time. 

(6) Calculation of the Voltage Distribution. In place of 
the original differential equations the above theory fur- 
nishes two systems of equations with the new unknowns 
Yi and Ye. These systems were actually solved by means 
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Fig. 4. Calculated values of voltages to earth in a winding subjected toa 
rectangular surge voltage of 3 «:sec duration. 

of an analogue computer ; the solution comprises three 

steps : 

(1) The calculation of the coefficients of the differen- 
tial systems calculated from the previously supplied elec- 
trical values (inductances and capacitances). 

(2) Feeding these coefficients into the analogue com- 
puter and recording the resulting oscillograms. 

(3) Verification of the results obtained and deter- 
mination of the voltages e1...¢@2m-1 from the trans- 
formed voltages Yi and Ye. A knowledge of the current 
magnitudes is not interesting. 

The curves of Fig. 3 show good agreement between 
calculation and experiment. The small differences which 
are evident are without practical importance, since it 
should be realized that present technological knowledge 
on the surge strength of the different arrangements of 
insulating materials is hardly more accurate. 


COMPLETION OF THE EXPERIMENTAL VERIFICATION 


Once the response curves en (t) for a winding sub- 
jected to a step surge voltage have been obtained by 
means of a calculating machine it is simple to deduce the 
performance for any other wave shape. By a simple 
method of superposition, the behaviour of the winding 
can be determined when it is subjected to a rectangular 
surge of limited duration. In this way it is possible to 
predetermine, by calculation, the stresses produced by a 
chopped wave. Fig. 4 shows some of the results of such a 
calculation fora rectangular wave of 3psec duration applied 
to the winding described above. However, if it is neces- 
sary to approach reality more closely than by simulating a 
chopped wave by a rectangle of limited duration, the 
calculating machine can solve this problem without the 
least difficulty ; it is then only necessary to introduce a 
suitable function for eo. ; 

As a further verification of the method of calculation 
described here, a simple algebraic calculating machine 
was employed for calculating the system of equations. 

(Concluded on page 438) 
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Developed in the U.S.A. at the Los Alamos Scientific 
Laboratories, the abrasive-wheel technique of soldering 
can be applied to such difficult materials as aluminium, 
stainless steel, glass, ceramics, graphite, borides, carbides, 
and nitrides. If a low-melting solder is used, it can even 
be applied to wood. Furthermore, it has the advantage of 
requiring no special equipment, other than a small 
electrically operated hand grinder with an abrasive wheel, 
in addition to the usual soldering materials. 

In operation, the grinder is switched on and the 
abrasive wheel (preferably preheated by grinding a piece 
of metal or by the direct application of heat) is brought to 
bear on a soft solder, e.g., Wood’s metal or a 60-40 lead- 
tin solder. The soft solder melts and flows onto the sur- 
face of the wheel, “ loading’ it, incidentally making it 
useless for its customary purpose until it has been trim- 
med down. The solder-loaded wheel is then applied to 
the surface to be soldered until a slight amount of abra- 
sion has taken place. The heat of friction again melts the 
soft solder, which flows onto the freshly abraded surface 
and forms an intimate contact. After this tinning 
operation, soldering is effected in the usual manner with 
standard 50-50 lead-tin solder. The other surface is also 
given the new treatment, if it is a material not ordinarily 
“wetted” by solder. No soldering flux, surface cleaning, 
or pretreatment is used. 

When working with such materials as soft glass, 
Pyrex, and ceramics, optimum tinning is accomplished 
with a mixture of Wood’s metal and 50-50 tin-indium. 
However, when soldering glass to glass or ceramics to 
ceramics, it is necessary to use flame or furnace heating 
to ensure that enough heat reaches the surfaces to be 

joined. The two surfaces need not be of the same 


material, so that metals, soft glass, Pyrex, and ceramics 
may be soldered in any combination. 





Fig. 1 

Although the size is not critical, a medium-grit 
grindine wheel, } in. in diameter and 4 in. in length, 
appears to have given the best results. Several wheel 
compositions have been tried, and all seem equally good. 

As yreviously mentioned, preheating of the grinder 
head is :'>sirable (though not essential). The tinning alloy 
Ss applic to the grinder in bar form, as shown in Fig. 1, 
and the »reheated head, plus the heat of friction, deposits 
afilm ¢ liquid metal. If this process is repeated two or 
OCT 
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The Abrasive-Wheel Technique of Soldering 
Difficult Materials 


three times, a fairly heavy coat of tinning alloy is built up. 
In this connection, there seems to be a definite ‘* con- 
ditioning *’ period for a new grinder head and, once a 
good deposit has been built up, it becomes very easy to 
renew the layer after each tinning overation. 


= 






ad 
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ray. 2 

After a satisfactory deposit has been obtained, the 
wheel is applied to the work (Fig. 2), using approximately 
the same pressure as that used in normal grinding 
Operations with a small device of this kind. Actually, 
when the pressure is applied, the grinder will tend to 
slow down, and this gives a useful indication of the maxi- 
mum pressure to be used. If possible, the work itself 
should be warmed, preferably to the melting temperature 
of the tinning alloy used, and this may be effected by 
applying a hot soldering iron to the area. The grinding 
wheel is then passed backwards and forwards over the 
spot to be tinned, removing the oxide layer of the metal 
and replacing it with the solder. The tinning layer should 
be laid down as a shiny spot or strip, and should have 
little ridges of excess alloy following the wheel as it 
moves. 

After tinning, the solder is applied to the surface 
with a soldering iron, but an effort should be made to 
keep the hot iron from the sub-surface layer of base 
metal. In other words, either the joint should be heated 
by applying the hot iron to some adjacent part of the 
metal which is not tinned and then applying the solder 
in wire form directly to the tinned surface, or the solder 
should be applied to the iron and hot drops of solder 
brought down to the tinned area without bringing the 
iron into actual physical contact with the base metal. 
This is particularly important when soldering titanium, 
niobium, and tantalum. 

While the new process is actually being used with 
success in the Los Alamos Scientific Laboratory, some 
practice is naturally required to master such minor 
details as the appearance of a properly tinned surface, 
the proper application of the solder, etc. Many of the 
low-melting alloys, with melting points ranging between 
40 and 140°C have been used, and all seem to work 
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satisfactorily in the tinning operation. The solders used 
include 40-60 and 50-50 lead-tin, 50-50 tin-indium, and 
50-50 lead-indium. 

The 50-50 tin-indium alloy may be applied very easily 
to Pyrex glass, without the usual degreasing and heating 
cycles, and once applied will take the higher-melting 
solders, giving a surprisingly firm joint. Ordinary 
solders probably cannot be used for the tinning operation 
on glass and ceramic materials. In such cases, Wood’s 
metal, plus 50-50 tin-indium, has been found to give the 
best results, ordinary solder being used for the actual 
soldering. A soldering iron will not supply enough heat 
through a poor conductor such as glass to make a good 
glass-to-glass joint in large or thick pieces. It must be 





remembered that, with respect to glass, this techr: ue ‘is 
most satisfactory for fastening electrical connectic ; and 
for similar light work. This also applies to ¢ -amic 
materials. The process is not intended for fa: :ning 
problems which might better be handled by a s::itable 
adhesive. 

Failure to deposit a satisfactory coating with \ood’s 
metal on glass indicates that the wheel was too cold 
when loaded or was not completely loaded. If rot:tional 
speed is too high the Wood’s metal will be laid down as a 
black deposit on the glass and the solder will not «dhere. 
The speed should then be cut down until a shiny coating 
can be deposited. The black deposit will also appear if 
there is grease or oil on the glass. 


The Thermo-Elasticity and Thermal Stability of Silicone 
Dielectrics 


By K. A. ANDRIANOV and N. N. Soxotov. (From Elektrichestvo, No. 6, June 1956, 
pp. 31-34, 2 illustrations.) 


THE ability of a substance to retain its elastic state at 
elevated temperatures should be distinguished from the 
similar, but not identical, ability to resist heating without 
strain. The former ability is therefore known as thermo- 
elasticity, whereas the latter is termed thermal stability. 

The problems of thermal ageing of polymers used as 
electrical insulation materials have attracted considerable 
attention. It has been found experimentally that silicone 
polymers not only have a high thermal stability but that 
some of them are also distinguished by a high degree of 
thermo-elasticity. In this connection, the authors have 
carried out an experimental investigation of the thermo- 
elasticity of thin films of certain silicone materials and 
also, for comparison, of a number of organic polymers 
used in electrical insulation. In these tests, films of a 
standard thickness of 0:05 mm, with a copper backing 
sheet of 0:1 mm thickness, were prepared, the polymers 
being deposited from a solution, and their thermo-elastic- 
ity measured by the time (in hours) during which the film 
was able to withstand an elongation of 6:5°, under 
tension (flexure without cracking when wrapped around a 
cylindrical rod of 3 mm diameter). 

Polytetrafluorethylene and polychlorotrifluorethylene 
films were tested in the unsupported condition. In order 
to reduce the time criterion of the loss in elasticity of 
unsupported films to that of supported films, a pre- 
liminary experiment was carried out to determine the 
thermo-elasticity of a polyester film in both the sup- 
ported and unsupported states. It was found that, at 
180°C, the supported film withstood the prescribed 
elongation for 22 hr, and the unsupported film for 100 hr. 
At 200°C the corresponding periods were 9 hr and 45 hr. 
On the basis of these data, the reduction ratio was 
assumed to be 5:1. 

Tests by the authors on the thermo-elasticity of a 
number of polymers establish that organic polymers 
rapidly lose their thermo-elasticity at temperatures of 
160°C, their working temperature usually being limited 
to below 130°C. There is, however, one organic material, 
i.e., polytetrafluorethylene, which exceeds all known 
polymers, including the silicones, in its thermo-elasticity, 
even at 220°C. This particular resistance to destruction 
by thermal oxidation can be explained by the effect of the 
fluorine atom, which, by virtue of the polarity of the C-F 


426 


bond, shields the C-C bond in the polymer molecule. 
Generally, however, the silicones possess a higher degree 
of thermo-elasticity than organic polymers, and, apart 
from tke fluorine compounds, not one of the organic 
polymers can withstand 220°C for even one hour. Further- 
more, it is established that the phenyl radical is a necessary 
component for achieving the high thermo-elasticity of 
silicone films. Methyl-phenyl compounds have a higher 
degree of thermo-elasticity than ethyl-phenyl compounds, 
while modified silicone compounds exhibit higher thermo- 
elasticity than the analogous non-modified compounds, 
although it would appear that the introduction of a less 
thermally stable polymer into a more thermally stable 
polymer should reduce the thermo-elasticity of the com- 
position. 

The dependence of thermo-elasticity on temperature 
follows quite closely the law of Arrhenius, i.e., 


K PZe E/RT 


where K is the reaction-rate constant, P the probability 
factor, Z the number of collisions between reacting mole- 
cules, E the activation energy, R the gas constant, and7 
the absolute temperature. 

It should be noted that the phenomena underlying the 
property of thermo-elasticity constitute a complex system 
of different processes. Thermo-elasticity cannot be 
explained merely by concentrating on any one isolated 
process. The same chemical processes which, when 
taking place during exposure to heat, cause loss 0! 
thermo-elasticity, also take place when the polymer !s 
subjected to dielectric stress only. ; 

The main factor responsible for the loss of elasticity 
and the ageing of polymers used in electrical insulation 
is a process of thermal oxidation. Considerable research 
has been devoted to this process in the case of organic 
polymers, and, as a result, several basic inferences have 
been made. Thus, it has been established that the 
destruction temperature of the polymer depends on the 
polymerization coefficient and drops when this coefficient 
is increased. The longer is the molecule, the more rapidls 
is the fracture of the molecule likely to take place as é 
result of the thermal oscillations incurred during th 
heating-up period. Similarly, the higher is the temper 

(Concluded on page 432) 
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The Aerodynamics of Car-Body Shapes 


By R. BartH. (From VDI-Zeitschrift, Vol. 98, No. 22, August 1, 1956, pp. 1265-1275, 36 illustrations.) 


The shape of the body of a vehicle can be regarded as aerodynamically suitable if, besides offering 
minimum air resistance, it ensures adequate stability in a cross-wind. To fulfil these requirements, the 
automobile industry is carrying out an increasing number of wind-tunnel investigations, in order to 
determine the aerodynamic forces and moments acting on car bodies of various shapes, under direct 
and oblique flow conditions. From the results of such tests, it is possible to assess the effects of these 
forces on road-holding, stability, and riding qualities. The purpose of this report is to present an analysis 
of experimental data on this subject, based on work carried out at the Stuttgart Technological University. 


Tue road behaviour of a vehicle depends on road forces 
and aerodynamic forces. Road forces are determined 
by the vehicle weight, steering characteristics, tractive 
effort, rolling resistance, position of centre of gravity, 
type of tyres, etc., whereas aerodynamic forces are due 
to vehicle speed, body shape, and direction of flow. 
Equilibrium of these aerodynamic forces and _ their 
associated couples is maintained by corresponding 
reactions at the points of road contact. The magnitude, 
direction, and point of application of aerodynamic 
forces can be determined in wind-tunnel tests and 
expressed by means of various parameters. 

In aircraft, all design features must be subordinated 
to the requirements of aerodynamics; in the motor car, 
however, there are various other requirements to be 
maintained which conflict with the desire for a fully 
streamlined form, i.e., the necessity for prcviding a 
roomy passenger compartment with ease of entry, a 
large and accessible luggage boot, good vision on all 
sides, and a convenient arrangement of engine and 
chassis. These conditions were fulfilled without difficulty 
in older types of cars designed for lower speeds. At 
present, however, the demand is for high vehicle speeds 
without a considerable increase in engine power and, 
since air resistance is proportional to the square of the 
speed, further attention is required for the development 
of body designs with suitable aerodynamic features. 

The following considerations are based mainly on 
passenger cars, as these, in contrast with commercial 
vehicles, are considerably affected by aerodynamic forces 
at the higher speeds attainable, and also from the point 
of view of comfort. 

The chronological development of vehicle types can 
be followed by considering the designs in Fig. 1, and 
their corresponding drag coefficients Cp. Special 
“aerodynamic *’ designs are also included in this figure. 

This comparison shows the development from the 
old “coach” type of designs to the streamlined forms of 
the 1930-1938 period, followed in post-war years by the 
change-over to the ‘* pontoon”? or flat-top design with 
straight sides. It is particularly noteworthy that the 
fully streamlined form, in spite of its low air resistance, 
has receded into the background, and that the pontoon- 
type body with a stepped rear is now widely favoured as a 
practical design, because of its advantages as regards full 
width utilization, accessibility, good vision, etc. The 
increase in air resistance is offset by considerably in- 
creased engine power, with a corresponding increase in 
fuel consumption. This compromise is not a retrograde 
step, and '* has been possible to develop flat-top bodies 
with low ‘rag coefficients comparable with those of 
fairly wel! streamlined cars. 


AERODYN *'.11C FLOW AROUND CAR Bopies 


In air -aft aerodynamics, the aerofoil and its corre- 
sponding -hree-dimensional ‘ tear-drop ’’ shape gained 
general reognition and subsequently served as examples 
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for the development of streamlined vehicle bodies. In 
the case of the automobile, however, the flow is around 
a body which is close to the ground; the air stream occurs 
not only on the upper and lower surfaces but also on both 
side surfaces of the vehicle. Moreover, the ‘* aspect 
ratio ’ L/D (where L = overall length and D = width of 
vehicle) also has an effect on the circulation and hence on 
air drag. Optimum aspect ratios lie between 2 and 6. 
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***Developed by W. Kamm in Stuttgart, Germany. 


Fig. 1. Chronological development of vehicle types. 


Furthermore, the air stream around the vehicle is 
not only affected by the proximity of the ground but also 
considerably influenced by the wheel recesses in the car 
body, stepped sections, bumpers, ornamentation, door 
handles, drip channels, etc., so that the resulting flow 
bears little resemblance to that around an ideal body. 

To specify the aerodynamic forces and moments on 
the vehicle, it is necessary to introduce a system of co- 
ordinates. It is convenient to situate the origin O at the 
mid-point of the wheelbase on the centre line of the 
vehicle, with the positive x-axis pointing horizontally 
forwards, the y-axis on the right, and the z-axis ver- 
tically downwards. Corresponding to the six degrees of 
freedom, there are three forces and three moments acting 
on the vehicle (Fig. 2), i.e., (1) air resistance R with zero 
flow angle (t = 0), added to which is a tangential force 
P; also in the direction of negative x-values, and occurring 
when the flow angle t is not zero; (2) lateral force Pp, per- 
pendicular to the x-z plane; (3) lift L in the —z direction; 
(4) moment of yaw M, (positive clockwise) about the 
+ z-axis; (5) pitching moment M, about the + y-axis; 
and (6) rolling moment M, about the + x-axis. 

If A = maximum frontal area, a = wheelbase, and 
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Fig. 2. System of forces and moments acting on a car body. 

q = dynamic pressure = pv,?/2 (where p = mass-density 
of air and v, = flow velocity), the corresponding non- 
dimensional aerodynamic coefficients are: Cp = R/Aq, 
C, = Px|Ag, Cn = Pn/Aq, Cr = L/Aq; Cz = M.-/Agqa, 
Cy = M,/Aqa, and Cz = M,/Aqa. 

It may also be noted that if v = vehicle speed and 
w = velocity of cross-wind, the resultant flow velocity is 
vy = Vv? + w? and the flow angle is given by tan t = 
w/v. For ready reference, a graph of t-curves can be 
plotted against v, for various constant w-values. 





Bopy SHAPE AND AIR RESISTANCE 

The air resistance opposing the motion of a body is 
generally defined as R = ApCpv?/2, where A = frontal 
area, p = mass-density of air, Cp = drag coefficient, 
and v = speed. The drag coefficient is low for suitably 
streamlined shapes. However, R is also proportional to 
velocity squared. At 60 km/hr the aerodynamic drag is 
of about the same magnitude as the other tractive 
resistances of a vehicle, and at 150 km/hr it is 2-3 times 
greater. Therefore, the efforts to reduce drag by suitable 
body design are understandable, and successful results 
are evidenced by the performance of present-day racing 
and sports cars. Some streamlined shapes are shown in 
Fig. 1, but it may be noted that frequently the aero- 
dynamic shape was achieved only for the vertical contour, 
and the drag coefficient was raised again by allowing the 
flow conditions to be disturbed by projecting parts, 
trimmings, etc., which did not receive sufficient attention 
in this regard. In many vehicles, the main measure taken 
to decrease air resistance was simply to reduce the 
frontal area. 

Recent wind-tunnel tests showed that in most cases 
full-size vehicles have higher Cp-values than the 
corresponding small models. This is due to the in- 
sufficient accuracy of models as regards details of wheel 
arrangements, mouldings, window recesses, the under- 
side of the vehicle, and the internal resistance of cooling 
arrangements, which could not be included in the models. 
Some of the representative results of wind-tunnel tests 
on full-size vehicles are as follows: 

1935-type saloon: Cp = 0°51. 

Open flat-top type of body: Cp = 0°48. 

Closed flat-top type of body: Cp = 0°42. 

Streamlined saloon with stepped front and tapered 

rear: Cp = 0°36. 

These drag coefficients were found to be approximately 
constant for Reynolds numbers from 1:75 to 7:5 x 10°. 

The total air resistance of a car consists mainly-of the 
following components: (a) profile drag or pressure 
resistance, (b) induced drag, (c) skin drag, (d) resistance 
from accessories, and (e) internal resistance from cooling 
and air-conditioning equipment. 

Profile drag arises from the excess pressure of the 
flow stagnating at the front of the vehicle and the suction 
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at the rear owing to break-away of eddies; bot: com. 
ponents oppose vehicle motion. Induced drag as in 
aerofoils, is due to the circulation causing a ..essure 
difference between the upper and under surfaces i.e. it 
is an effect related to lift. Since modern cars op rate at 
Reynolds numbers of 8 to 10 x 108, ie., in 1 fully 
turbulent flow, the surface finish, and hence the skin drag 
due to shear forces on the walls, are no longer nezligible, 
Resistance from accessories takes account of projecting 
parts, mouldings, etc. on the upper and under surt.ces of 
the vehicle. Internal resistance associated with cooling 
and air-conditioning is due to the flow through heat- 
exchange units, coolers, and air ducts. 

Percentage values of air resistance components (a) 
to (e), giving a total Cp of 0-45 for a mass-produced 
flat-top saloon car, are as follows: 

(a) = 57%; (6) = 7%; (c) = 9%; (@) 

(e) = 12%. 


lL VAE 


LIFT AND PITCHING MOMENT 


As previously stated, the difference in pressure 
between the upper and under surfaces of a vehicle, due 
to *‘ circulation ’’, i.e., to the peripheral flow around the 
body contour, causes a vertical force or lift, which also 
increases as the square of the vehicle speed. This lift has 
an effect on the road-holding capacity of the wheels. The 
lift distribution is not uniform over the length of the 
vehicle, as evidenced by the pressure curves in Fig. 3. 
In most cars with an enclosed passenger compartment or 
similar superstructure, the lift is greater on the rear axle 
than on the front axle. This results in a pitching moment 
about the negative y-axis, i.e., in the forward direction. 

















PRESSURE RATIO p/¢ 
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Fig. 3. Pressure distribution on the top surface of a sports car. 
Curve (a): Enclosed passenger compartment. 
Curve (b): Open passenger compartment. 


It is desirable to avoid high values of lift, since un- 
loading of the rear axle reduces the tractive effort on the 
road and unloading of the front axle affects the steering 
qualities of the vehicle. One method of reducing lift is 
by eliminating the enclosed passenger compartment. As 
shown by curve (b) in Fig. 3, after removal of the super- 
structure, the circulation and hence the lift of the vehicle 
are reduced, and lift distribution is improved. 

A similar result as regards lift reduction can & 
obtained by replacing the usual flat under-surface by 4 
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curved one. Although there is a minimum permissible 
value of road clearance, the curvature of the underside 
can be achieved by raising the front and rear portions of 
the vehicle, and the camber of the upper surface can then 
be reduced correspondingly. The results obtainable in 
this manner are shown in Fig. 4. 
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GROUND CLEARANCE A,; DEPTH OF CURVATURE /¢ 
Fig. 4. Influence of proximity to the ground and curvature of the under 
side on lift, as determined by model tests. 
Model data : Frontal area A = 0-019m? ; length/ = 0-42m; 
height h = 0-13m ; and depths of curvatures fi = 10-5 mm, 
fe = 21 mm, fg = 31-5 mm, and fy = 42 mm. 
Test series I: | Flat under side with varying distance ho from 
the ground. 
Curvatures (0) to (4), tested away from the 
ground. 
Test series III: Curvature (4) with varying distance h, from 
the ground. 


Test series II: 


The flow angle t also has an effect on lift. The 
following average experimental values are of interest, 
since they show that the lift coefficient Cz, of vehicles 
increases parabolically as a function of the flow angle t. 























TABLE I: Lift COEFFICIENTS Cy, FOR VARIOUS CARS 
Flow angle t | | | 1 | 1s | 20° | 30° 
1935 Saloon 0:33 3 | pe | 0-34 | 0-3 a | 0:36 0-60 
1939 Saloon 0-35 | 0-37 | 0-42 | 0:50 | 0:59 | 0-79 
1936 Streamlined saloon | 0-40 | Sas 0-48 oe | 0-65 | 0-88 
1953 Flat-top saloon | 0-46 Boutin 0-48 S | 0:58 | 0:73 | 0:92 | 1-32 
ee sl 


Open-cockpit racing | | | | 
and sports cars : | 
With windscreen and 


rear fairing | 0-20 | 0:23 | 0-34 | 052 | 0-77 | 1-31 
Without windscreen | | | 
ot rear fairing — (0-20 | 0-22 | 0-27 | 0:35 | 0°44 | 0-66 





A further important effect on lift is that due to the 
Tear portion of the vehicle. Test results show that lift 
can be reduced by decreasing the camber of the upper 
surface, ie. by raising the tail portion. The flat-top 
design with a stepped rear portion has the highest lift 
coefficients, whereas somewhat lower Cy,-values are 
obtained with a convex contour. Lower coefficients are 
obtained with a rectangular-shaped tail end; and the 
lowest C,-v2lues are those of a rectangular outline, such 
as that of a bus, with an overhang of about 25% beyond 
the rear ax'>, 

Stabilizing fins are employed to reduce the yawing 
moment. In some cases such fins cause an appreciable 


Inctease in lift, especially at zero flow angle, the effect 
decreasing radually with increasing angles. The influence 
of twin f.s, under direct flow conditions (without 
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cross-wind), is considerable and is due to the fact that with 
such fins pressure equalization at the rear end becomes 
more difficult to achieve, i.e., the negative pressure on the 
rear upper surface does not decrease to the same extent 
as if no fins were present. With slotted fins the increase in 
lift at t = 0° is much smaller than with solid fins, owing 
to better pressure equalization on the upper side of the 
vehicle tail. 

To get an idea regarding the magnitude of lift, this 
force was evaluated, without cross-wind, for two standard 
types of passenger cars (both with C, = 0-4, but different 
frontal areas of 1:67 and 2:20 m? respectively), and two 
sports cars (with Cr, = 0-195 in both cases, and frontal 
areas of 1-6 and 1-2 m2 respectively). The cars were 
tested with and without twin lateral fins at the rear end. 
Average results are given in Table II. 








Table If : Lirr L [kg] AT VARIOUS VEHICLE SPEEDS v [km/hr] 
Vehicle speed v = @ i 100 ; 150 | 170 ; 200 ; 300 
Passenger cars : | | | | } | 

without fins oO | #@ 3%) ss} 90) .. | 

with fins |. | 35 | 56 | 135} 150) .. | 
| | 
Sports cars : 
without fins aa PF (Gop 82-8 a2 | 36 | 53 115 
with fins aa pean Pes 46 53 | 88 | 180 





With the weight of the passenger vehicles at around 
1300 kg, and that of the sports cars about 300 kg less, it 
can be seen that lift is not negligible. For the passenger 
cars, the lift/weight ratio is 4-6% at 120 km/hr. In cross- 
winds, as previously mentioned, the lift is increased 2 to 
3 times, if the resulting flow angle is between 25 and 
30 deg. Thus, in such cases lift can amount to 10-14% of 
the total weight of a vehicle. 


LATERAL FORCE AND YAWING MOMENT 


A cross-wind causes a lateral force to act on the 
vehicle. Usually its point of application (D in Fig. 2), 
known as “ centre of pressure ’’, is some distance ahead 
of the centre of oscillation, which is the origin O of the 
system of co-ordinates. This distance e along the x-axis 
varies according to the shape of the vehicle and the flow 
angle. Owing to this lateral force, therefore, a yawing 
moment Mz is produced about the z-axis, which tends to 
turn the vehicle off its course. If the resulting motion is 
such that the vehicle turns away from the wind and 
reaches larger flow angles, with a further increase in 
lateral force and yawing moment, it is said to have an 
unstable behaviour. A design is aerodynamically stable 
when the yawing moment causes the vehicle to turn back 
into the direction of the wind, so that the flow angle t, 
lateral force Pn, and yawing moment M, are reduced cor- 
respondingly. In this context, the terms ‘“‘stable’” and 
“unstable’’ refer only to the aerodynamic behaviour of 
the vehicle body. The distance e between the centre of 
pressure and the origin is obtained as e = M-./P,, with Mz 
and P, determined by six-component measurements. 

It was considered of interest to investigate in detail 
the effect of a cross-wind on the velocity and pressure 
distributions around car bodies. Measurements of static 
pressure p and dynamic pressure q were therefore carried 
out on two car models, viz., a streamlined fully-enclosed 
sports car and a flat-top type of passenger saloon, under 
direct and oblique flow conditions. The results obtained 
are reproduced in Figs. 5 and 6, in which the crosses indi- 
cate the measuring positions. All measurements were 
taken in a horizontal plane parallel to the ground. The 
curves are laid out flat, for convenience, along the 
corresponding sides of the vehicles. Positive values of 
the p/q ratio, indicating positive excess pressures, are 
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Fig. 5. Pressure distribution around a fully enclosed sports car under 
direct and oblique flow conditions. 
Curves (a) : + = 0° ; curves (b) : t = 10° 
shown pointing towards the vehicle, whereas negative 
p/q ratios, indicating suction regions, are shown point- 
ing away from the vehicle. 

For both types of vehicle, the symmetrical pressure 
distribution for t = 0° can be seen from the correspond- 
ing patterns. The stagnation pressure at the front end 
and the negative-pressure regions along the fore-part of 
the lateral surfaces are particularly evident. In Fig. 5, 
the small negative pressure at the beginning of the lateral 
surfaces and its subsequent gradual rise along the walls 
owing to the front wing portions are characteristic of a 
well streamlined body. In Fig. 6 there is a high negative 
peak followed by a very steep change in pressure along 
the corresponding sections, indicating that the curvature 
of the wings at the transition from the front end to the 
lateral surfaces is too pronounced and that the flow 
breaks away at these positions. 

Under oblique flow conditions (dotted curves in 
Figs. 5 and 6) the patterns are non-symmetrical ; on the 
windward side the negative pressures are reduced and 
even become positive on the flat-top model, while on the 
leeward side this model shows a marked increase in 
negative-pressure areas, particularly at the front wing and 
the following portion of the wall surface. Both models 
also show increased negative pressures along the rear 
wing section on the windward side. The areas bounded 
by the curves are a measure of the (positive and negative) 
forces acting on the sides of the vehicle and causing an 
unstable yawing moment. 

Bodies which have a high-drag contour are subjected 
to relatively large lateral forces and small yawing 
moments under oblique flow conditions, whereas with 
low-drag bodies the opposite holds true. Thus, most 
streamlined bodies are sensitive to cross-winds. The 
lateral force Py, and the yawing moment M. increase 
nearly linearly as functions of the flow angle t for various 
car bodies, and at t = 25 deg. their corresponding co- 
efficients C, and C- reach the values indicated in Table III. 

As the shape of the rear end has a considerable in- 
fluence on behaviour in a cross-wind, investigations to 


TABLE IIT : YAWING-MOMENT COEFFICIENTS Cz; AND LATERAL-FORCE COEFFICIENTS Cn OF VARIOUS BoDY SHAPES AT A FLOW ANGLE OF 25 DEG 
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Fig. 6. Pressure distribution around a flat-top saloon under direct and 
oblique flow conditions. 
Curves (a) : t = 0° ; curves (b) : t = 25° 


determine this effect were carried out on a flat-top body 
with various convex or nearly convex transitions. The 
results for various rear-end contours are given in Fig. 7. 
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Fig. 7. Influence of various rear-end transitions on the coefficients 
of yawing moment (full lines) and of lateral force (dotted lines). 


The unstable yawing moment, which is present (0 
some extent in all vehicles, can be reduced by fitting 
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Type o- » & » ond > 
' 0-325t 
0-17 0-18 0:24-0:27 0:26 0-27t 0:27-0:29 ¢ 
ra : 1:3 1:2 0:79-0-9 t 0-86 0:92 0:48-0:61 _0-275% 


Note: At * = 0°, both C; and C, are zero. 
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+ Increases to this value following a square-root law. 


* Increases following a parabolic law. 
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stabilizing surfaces (fins) at the rear end of the body. 
With such fins the tail of the vehicle receives an additional 
lateral force which has a stabilizing effect under non- 
ymmetrical flow conditions. Complete cancellation of 
the yawing moment is also possible, in principle, with a 
suitable design and arrangement of fins ; however, a 
lateral force approximately twice that of the vehicle 
without fins would then have to be accepted. 










The flow angle also affects the position of the centre of 
pressure D. With increasing t-angles, this centre moves 
back towards the centre of oscillation O, and the distance 
e is reduced correspondingly. Fig. 9 shows the curves of 
the centre-of-pressure distance e plotted against flow 
angle for a car with the various rear-end contours (a), 
(b), (c), (d) considered in connection with Fig. 7. The 
results indicate that the centre of pressure moves away 
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Moreover, the stabilizing surface should not be situated 
in the region of eddies at the rear end, but in a free or 
adjacent section of the stream ; in these cases the fins 
can be of smaller dimensions. Fig. 8 gives the results 
with three car models with and without fins. 
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when the tail is built up from (a) to (d). 

To assess the magnitude of the lateral forces occurring 
on cars and their distribution on the axles, these quantities 
were determined on two medium-sized cars, both with a 
frontal area of 1-8 m?, at a resultant flow velocity of 
120 km/hr. corresponding to a dynamic pressure of 83-4 
mm water gauge. The results for a fully streamlined body 
and for a flat-top body (which is less sensitive to cross- 
winds) are given below, for a flow angle t = 25 deg. 
Fully streamlined body: P, = 150 kg, Par = 108 kg, 
Par = 42 kg. 

Flat-top body: Pn = 104 kg, Par = 87 kg, Pnr = 17 kg. 

As already indicated by the pressure-distribution 
diagrams in Figs. 5 and 6, the lateral forces on the front 
axle are much greater than those on the rear axle. The 
total lateral force at 25 deg. can even be much greater 
than 150 kg at high speeds or with large frontal areas and 
vehicle dimensions. It is understandable, therefore, that 
sudden increases of forces on the front axle due to lateral 
wind gusts impose very considerable efforts on the driver. 


ROLLING MOMENT 


The lateral flow due to a cross-wind acting on a car 
body causes a rolling moment M, which tends to over- 
turn the vehicle about its (longitudinal) x-axis, as indi- 
cated in Fig. 10. This moment is generated by the lateral 
force Pn acting at a certain height /1 on the car body and 
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by the non-uniform distribution of lift over the width of 
the car. The shape of the body, its height he, and width b 
have a considerable influence on the rolling moment ; a 
low, wide body will, of course, exhibit a smaller rolling 
moment than a high and narrow body. The rolling moment 
is transmitted by the coachwork to the suspension and 
the chassis and causes uneven loading, i.e., one wheel re- 
ceives an additional load while the other is unloaded. 
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Fig. 10. Influence of the rolling moment on wheel loads. 

The rolling moment increases following a practically 
straight-line law as a function of the flow angle, and the 
wheel loads Wnz and Wnr (left and right) are also cor- 
respondingly affected. Since sports cars are lower than 
the usual passenger cars, their rolling moment will be 
smaller. Therefore, tail fins used for stabilizing vehicles 
which are sensitive to cross-winds have an unfavourable 
effect on the rolling moment, particularly because the fin 
surface is situated at a relatively high level on the vehicle, 
thus providing a fairly large leverage for the lateral force. 
As can be seen from Table IV, stabilizer fins increase the 
rolling moment by about 60-70°. 

TABLE IV : AVERAGE ROLLING-MOMENT COEFFICIENT Cz AT A FLOW 


ANGLE t = 25 DEG. FOR THREE FLAT-TOP PASSENGER CARS AND 
THREE SPORTS CARS, OF THE BASIC TyPES CONSIDERED IN FIG. 8. 











| Passenger Car Sports Car 
Without fins | O14 | O11 
Withonecentralfn | |.oms ._'(|##£#i— 
With twin fins aa. 





Representative average values of the rolling moment 
M, and the additional wheel loads Wnr and Wnt, for 
a normal-size vehicle with a flow angle of 25 deg. and a 
resultant flow velocity of 120 km/hr, are as follows:— 
M, = 38 kgm, Wat = + 28 kg, War = — 28 kg. All 
three quantities increase linearly from zero at t = 0 deg. 
(It may be noted that War = — War = Mz/s.) 

Since the rolling moment, which mainly derives from 
lateral forces, produces vertical loads Wnz and Wnr on 
the wheels, it is certainly legitimate to add these to the 
vertical forces V; and Vp due to lift ZL. If the subscripts L 
and R denote left- and right-hand sides, as previously, 
while the front and rear axles are indicated by subscripts 
fand r, respectively, L = Viz + Vir + Vag + Var. 

Thus, the total aerodynamic force on the right wheel 
of the front axle is Wry = Wnr/2 + Very, and the rela- 
tions for the other wheels are similar. Typical average 
results for a normal vehicle as regards lift values, for 
t = 25° and v, = 120 km/hr are as follows :L = 162 kg, 
Vis = 50 kg, Vir = 62 kg, Vrs = 20 kg, and Vrr = 30 kg. 
At t= 0°, the corresponding values are L = 52 kg, 


Vir = Vrr = 14 kg, and Viz = Vary = 12 kg. 
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The Thermo-Elasticity and The rmal 


Stability of Silicone Dielect: ics 
(Concluded from page 426) 


ature, the more pronounced is the process of Ureaking 
away of the chains at the extremities of the macio-mok- 
cules, leading to the formation of substances of low mok. 
cular weight of monomeric, dimeric, and trimeric types, 
as well as of CO, COs, and other oxidation products, 
Finally, complete destruction of the polymer film occurs, 

Further to their previous studies of the thermal oxid- 
ation of silicone-type compounds, the authors have 
recently investigated the thermal stability of silicone and 
purely organic types of insulating polymers. In these 
tests, the samples used were in powdered form, polymers 
with a tendency to coagulate being mixed with quartz 
powder. It was found that, at 250°C, organic polymers 
dissociate quite rapidly and are almost completely 
destroyed at 350°C, with the exception of polytetra- 
fluorethylene. Organic polymers containing pheny| 
radicals, and some natural and nitryl rubbers, have a 
relatively high stability. The silicone polymers, however, 
exhibit a higher stability and resistance to destruction by 
oxidation. 

The results of these tests establish once again that 
methyl compounds possess greater stability than ethyl 
compounds. The optimum characteristics are possessed 
by polyorganic siloxanes containing methyl, vinyl, and 
phenyl radicals. In this connection, it was found that a 
phenyl siloxane containing one phenyl radical was so 
stable thermally that its intensive destruction did not 
commence until 400°C. It follows, therefore, that pheny! 
siloxane should be included in lacquer bases. Moreover, 
the oxidation products of the phenyl radical constitute in 
some measure anti-oxidants. Of particular importance 
is the formation of a protective layer saturated with 
siloxane bonds on the surface of the polymer during a 
thermal oxidation process, thereby preventing deeper 
penetration into the material. 

It has already been stated that modified silicone com- 
pounds were found to exhibit a higher degree of thermo- 
elasticity than unmodified silicone compounds. However, 
insofar as thermal stability is concerned, it was found 
that at least two modified polymers showed far less 
thermal stability than the corresponding unmodified 
polymers. Bearing in mind the opposite relationship 
existing in the case of thermo-elasticity, it may be con- 
cluded that thermo-elasticity cannot be explained }y 
thermal destruction alone. 

The results of these tests have led to a number of con- 
clusions regarding the nature of the phenomena observed. 
and these may be summarized as follows :- 

(1) The high thermo-elasticity of silicone polymers. 
compared with most organic polymers, and their high 
resistance to thermal oxidation and destruction can be 
explained by 

(a) A high Si-O bond energy, which also has a screening 

effect on the silicone radicals. : 

(b) The formation of stable siloxane bonds, instead 0! 

oxidizable radicals, in the polymer, thereby preventing 

disintegration of the macro-molecules. 

(c) The formation of a protective layer saturated win 

siloxane bonds on the surface of the polymer during é 

thermal oxidation process, thereby preventing dee?’ 

penetration into the material. 

(2) The polyorganic siloxanes containing methy: 
vinyl, and phenyl radicals exhibit the highest degree ° 
thermo-elasticity and thermal stability. 
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The Use of Cold Rolling for Finishing Shafts and Bores 


ByH. KONIG. (From Werkstattstechnik und Maschinenbau Vol. 46, No. 6, June 1956, pp. 274-282, 28 illustrations.) 


OnLy geometrically simple, especially plane and cylin- 
drical, surfaces can be cold-rolled, the first and still the 
most important application so far being in connection 
with railway axles. Easy accessibility favours the rolling 
of external cylindrical surfaces, and present technical 
experience generally relates to these conditions. Fillets 
and shoulders of shafts are also cold-rolled and, although 
differences in diameter must lead to a certain amount of 
jiding during rolling, the smoothing action obtained is 
still considerable. In principle, the surfaces of all solids 
of revolution with gradual changes in diameter can 
te rolled, if roll pressure is applied in such a way as not 
to vary with changes in the distance between rolls caused 
by changes in diameter. 

The rolling of internal surfaces is a more difficult 
operation and has been applied in practice only in recent 
years. Holes of small diameter require complicated 
arrangements for tool adjustment and feed. ‘* Through ”’ 
holes, without interruption of the cylindrical surface by 
slots or transverse holes, are the most suitable, because 
the rolls centre themselves automatically and can be 
guided right through. This automatic centering action 
also permits the rolling of fairly deep holes. Blind holes 
can be rolled perfectly with suitable tools, whereas their 
ginding or honing often gives rise to very slight tapering. 
Even plane surfaces, e.g., tool guides or slides, can be 
cold-rolled for good surface finish. 

Since the optimum rolling force may be between | 
and 4 tons, depending on the material, it is best to use 
two or more rolls equidistantly located over the cylindrical 
circumference, so that the force is transmitted from roll 
(0 roll over the shortest distance through the workpiece. 
Components of large diameter may have to be rolled 
with one roll only ; the entire workpiece is then stressed 
in bending, the chucks or centres are subjected to trans- 
verse forces, the possibility of appreciable deformation 
imits the maximum rolling force, and the smoothing 
action may not be particularly good. The same limitation 
isually applies to the cold rolling of plane surfaces. Long 
shafts of small diameter may suffer permanent deform- 
ation during rolling with two opposed rolls if the three 
axes involved are not in one plane ; this difficulty can, 
however, be avoided by the use of three symmetrically 
aranged rolls. Elastic elongation of the workpiece, as a 
result of heating, may give rise to bending if the ends are 
held too rigidly. 

Internal stresses cannot deform an entirely cylindrical 
workpiece, the compressive stresses in the skin being 
balanced by tensile stresses in the core, so that no bending 
moment can be induced. However, if the surface is 
interrupted, e.g., by keyways, the stresses are not sym- 
metrically distributed and will produce bending, whether 
the keyway is cut before or after rolling. Similarly, tubes 
can be cold-rolled only if the walls are thick enough to 
prevent plastic or even large elastic deformations. Inter- 
‘uptions in internal cylindrical surfaces are harmful, 
cause the rolls will not centre automatically, and be- 
cause the unsymmetrical internal stresses produce de- 
‘ormations. Attention to these difficulties is extremely 
mportant fr an estimate whether cold rolling can be 
applied at a". 

, Cold rol''ng deforms and depresses surface asperities, 
Ne displace material filling in and lifting the roots of 
s00ves, sc ‘hat in a perfect finish the depressed and 
OCTOBE:, 
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lifted parts meet on the same level. The rolled material 
therefore must be plastically deformable to a certain 
extent. Core and skin must remain coherent ; otherwise, 
the rolled skin may flake off. Hence, the smaller the 
plastic deformability, the finer must be the pre- 
machining ; hardened surfaces ordinarily cannot be 
rolled. Structural steels offer the main field of application, 
but cast iron, non-ferrous metals and alloys, light alloys, 
and bearing metals can also be rolled. The conditions, 
especially optimum rolling force and adjustment and 
positioning of the rolls, are different and must be deter- 
mined separately for each material. 

Shafts and axles made of common structural steels 
with a turned surface finish between 8 and 30u can be 
cold-rolled without difficulty; a fine-turned finish 
between 8 and 14p offers particularly good conditions. 
However, this type of machining is sufficient only when 
the finished tolerances are not too close. For a given 
uniform surface finish the reduction in diameter due to 
rolling can be determined reliably, but a rough surface 
finish is not uniform enough to allow a close tolerance 
after rolling. Consequently, if very close tolerances are 
required, pre-machining by grinding will be necessary for 
reasons of tolerance only. The surface quality after 
grinding is not important within ordinary limits. 


SHAPE AND ADJUSTMENT OF ROLLS 


Working conditions are simplest and errors reduced 
to a minimum if rolling can be effected entirely with radial 
feed and without axial travel. The width and edge radius 
of the roll are then determined by the corresponding 
dimensions of the workpiece, and the roll surface must 
be exactly cylindrical. The maximum width that can be 
rolled without axial travel depends on the hardness and 
pre-machined surface roughness of the workpiece, these 
two factors determining the required rolling force per 
unit width of surface. The maximum width also depends 
on circumstances limiting the total applicable force. 

In most applications, therefore, axial travel must be 
used, in which case the shape of the contact area is 
most important. The plastically deformed material must 
** flow ’’ in front of the roll in an axial direction and must 
not “* rise’’ behind the roll so as to cause waviness and 
traces of travel on the rolled surface. The shape of the 
contact area is best measured by inserting thin paper 
between the stationary workpiece and roll and by pressing 
the roll against the workpiece with the desired rolling 
pressure. Experience indicates that for best results the 
contact area must have the shape of a droplet, the wider 
part being in the direction of travel; the main rolling force 
acts in this region of contact, where plastic deformation 
is greatest, the force slowly decreasing towards the back 
of the contact area, so that the material cannot flow 
against the direction of travel, and the rear edge of the 
roll breaks contact without causing traces of travel. 
Whether the droplet is short or long depends on the work- 
piece material ; thus, a hard material requires a short 
droplet. 

The droplet shape may be produced either by a very 
slight taper of the roll surface (about Sp radius on an 
active width of } in.), or by a slight angle between the 
axes of the roll and workpiece. Provision for adjusting 
the angle of inclination of the roll axis is desirable when 
the optimum contact surface is to be determined by test 
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Fig. 1. (/eft) Overhung 


roll suspended 


housing. 














Al|lEL 
or when the same tool is to be used on different materials. 
A suitable attachment of this type with an adjustable 
axis is shown in Fig. 1, the housing pivoting at right 
angles to the plane of the section, and adjusted and held 
in position by a screw and setscrew in the slide acting ona 
lug on the housing. Fig. 2 shows the droplet shape of the 
area of contact for various angles of inclination of the 
roll axis, 0 deg. corresponding to parallel roll and work- 
Fig. 2 also shows the surface roughness 
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INCLINATION OF ROLL AXIS TO AXIS OF WORKPIECE 


Fig. 2. Shape of contact area, and roughness of the rolled surface as a 
function of inclination of the roll axis. 


obtained after rolling fine-turned 32-ton plain carbon 
steel with various angles of inclination, but under 
constant conditions of rolling force, travel, and rolling 
speed. An inclination of 0°26’ gives the best results. 


THE DESIGN OF ROLLING ATTACHMENTS 


The quality of the work depends essentially on the 
correct design of the attachment. 
Drive and Feed:—In most cases the rolls are fed into and 
driven by the rotating workpiece, the slide travelling in a 
longitudinal direction. In another arrangement the work- 
piece travels in a longitudinal direction, and the rolls, 
after being fed into the workpiece, rotate around it, in 
much the same way as planetary gears. 
Arrangement and Mounting of Rolls :—¥For external 
cylinders, two diametrically opposed rolls or three rolls 
at 120 deg. (for long shafts) are fed into the workpiece by 
means of a spindle or a hydraulic drive (Fig. 3). The 
rolls are mounted on sliding blocks, provision being made 
to ensure that the rolls are centered automatically and 
exert equal pressure, thus avoiding bending stresses in 
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Fig. 3. (right) Mechanical radial 
‘ : feed of smoothing rolls. 
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the workpiece. This arrangement is suitable where a 
large range of diameters has to be catered for by one 
attachment only. Since any eccentricity in the rolls wil! 
produce waviness, particular attention must be paid to 
the bearings. It is best to support the rolls between two 
bearings but, if surfaces are to be rolled right up to a 
shoulder, one bearing in an overhung arrangement, as 
shown in Fig. 1, will be necessary ; this bearing must 
transmit the large radial and axial travelling forces. 

Attachments for the rolling of bores are more com- 
plicated and are useful only for a very restricted range of 
diameters. For automatic centering and for the avoidance 
of deformation of fairly thin walls, the attachment usually 
carries three or more rolls. Fig. 4 shows an arrangement 
for large bores, in which the attachment, by means of a 
conventional morse taper (2), fits into the spindle (1) ofa 
vertical boring machine. The three rolls (7) on needle 
bearings (8) rotate on carriers (5) supported in dove- 
tailed recesses in the tapered body (6). A threaded ring 
(3), with a retaining ring (4) for the carriers, permits axial 
displacement of the carriers, thus providing a small 
adjustment of the diameter of the bore to be rolled (9). 
The useful range can be extended by mounting the rolls 
in sets of different diameters. 

Fig. 5 shows a more recent development for small 

bores and restricted rolling pressures. In this arrange- 
ment, a larger number of rolls is loosely mounted in a 
ring, a central cone providing the required inclination 
of the roll axes and permitting radial adjustment of the 
rolls by its axial displacement. 
Measurement and Adjustment of Rolling Force :—The 
rolling force required depends on the workpiece material, 
the roll width and shape, and the extent of the contact 
area. Rolling force must be determined separately for 
each new type of work and, because of its importance, 
should be controlled during operation. If the feed is 
derived from a spindle, roll force may be measured b) 
means of a torque wrench or other means ; in the case 
of hydraulic drives, the oil pressure provides a direct 
indication of the force. These simple arrangements are 
suitable for external cylinders, but no satisfactory method 
has as yet been devised for bores. The usual method is 
to adjust the rolls until they just touch the walls of the 
bore, and then to readjust them to a larger diameter, 
which from previous tests is known to give the correct 
smoothing and densifying action. 

It should be noted in connection with smoothing anc 
densifying that, although the densifying action of col’ 
rolling also has the effect of increasing fatigue strengt! 
densifying rolls differ slightly from smoothing rolls, | 
they are usually narrower, because surface compressi0! 
must be higher. In some cases densifying is also used 0 
produce the desired smoothing effect, while in othe 
both processes are combined, as, for example, in Fig. ° 
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Fig. 4. Rolling attachment for large bores. 
in which the oblique roll serves to densify the fillet of a 
front axle, while the opposite roll smoothes the cylindrical 
trunnion and also acts as a holding roll. 


EXAMPLES OF ATTACHMENTS AND MACHINES 


Existing machine tools, e.g., lathes and boring 
machines, can often be adapted to carry rolling attach- 
ments for external and internal rolling. In such cases pre- 
machining and rolling are then possible without re- 
clamping of the workpiece. However, for large-batch 
production or mass production, special rolling machines 
are more advantageous. Thus, for instance, the wide- 
spread use of cold rolling for railway axles has led to the 
development of specialized machines for turning and 
rolling in one set-up. Two pairs of rolls, with a mech- 
anical feed, are used, and the position of the roll axes 
can be adjusted. With a typical machine of this type, 
roughness measurements have been found to be from 10 
to 12u after turning, and from 0-3 to 0-4y after subse- 
quent cold rolling. 

Similarly, semi-automatic vertical rolling machines 
have been developed for the large-scale production of 
smaller cylindrical components, such as forks for 
universal joints and short shafts used in the manufacture 
of automobiles. In a typical arrangement, the workpiece 
is clamped hydraulically or pneumatically by foot oper- 
ation, and the rolls are pressed hydraulically against the 
workpiece until the correct force is indicated on a pressure 
gauge. The position of the roll axes is adjustable, and the 
machine can be adapted for fully automatic operation. 

In one type of automatic machine for the peeling, 
cold rolling, straightening, and polishing of straight bars, 
the bar is held centreless in guides and fed into the 
machine without rotation. The peeling and rolling head 


(Fig. 7) is driven by a hollow shaft (2) and rotates about 
the bar. 2ough- and fine-cutting tools (4) and (3) work 
against « support (5) and are kept well separated from 
the rollin head (1). Coolant is provided via the inlet (8), 
through ng (7), and nozzle (6). Each of the three rolls 
is Carrie< on one thrust and two needle bearings, radial 


adjustm: :.t being effected by a screw and torque wrench. 
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Fig. 6. Simultaneous densifying of the fillet and smoothing of the stub of a front axle. 


After rolling, the bars are transferred automatically to 
the straightening and polishing bank. 

For the rolling of the bores of locomotive and carriage 
wheels, as prescribed by the German State Railways, the 
head shown in Fig. 4 is used, inserted in a vertical boring 
machine after removal of the fine-turning head. Since 
these bores are merely smoothed, not densified, moderate 
pressures and small rates of travel are employed. For 
small bores, a head similar to that shown in Fig. 5 is used. 
For blind holes, the rolls are arranged at the end of the 
head. If a close tolerance is required, the bore is turned 
with an allowance depending on the material used and on 
the smoothing and densifying effect expected, e.g., 0-0015 
in. The rolls can be adjusted in diameter to + 0-006 in., 
so that any desired tolerance can be obtained in one pass. 
The arrangement of, say, eight rolls around the circum- 
ference permits the rolling even of int-rrupted bores. 
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Fig. 7. Rotating tool-head of automatic machine for peeling, cold 


rolling, straigh and polishing straight bars. 
The rolling heads can be used in boring machines or 
lathes, so that the workpiece need not be reclamped for 
rolling. If thin walls permit only small rolling forces, the 
required pressure may be maintained by small contact 
areas and by the use of balls, instead of rolls ; the harder 
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the material to be rolled, the smaller will be the diameter 
of the balls. A release mechanism permits retraction of 
the balls, so that withdrawal of the head does not leave 
any traces on the bore. 


ECONOMIC ADVANTAGES 


The correct choice and control of rolling conditions 
ensure constant high surface quality, coupled with in- 
creased hardness, so that wear and fatigue are reduced. 
The capital cost of attachments and complete machines 
is much less than that of comparable precision machine 
tools, while roll wear is very small and worn rolls can be 
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reground and polished very economically. Further: iore, 
unskilled labour can be employed and, under c: rect 
conditions, the operation can be effected in a single >ass, 
As a result, production costs are low, especially for wide 
tolerances and long shafts. Even in the case of close 
tolerances, with the need for pre-grinding, cold rulling 
may still be an economical proposition. Although, of 
course, not all workpieces are suitable for cold-rolling 
operations, there can be no doubt that, where conditions 
are suitable, cold rolling will be economical for mass 
production, and may prove economical even in single 
production. 


Ultrasonic Welding 


By J. B. Jones and J. J. Powers. (From The Welding Journal, Vol. 35, No. 8, August 1956, pp. 761-766, 
9 illustrations.) 


Ultrasonic welding is a method of bonding similar or dissimilar metals by the introduction of vibratory 
energy into the metals in the area to be joined. The process can be accomplished without the application 
of heat, except that which is associated with the dissipation of vibratory energy. 


IN the ultrasonic welding process, the pieces to be joined 
are clamped at low pressure between two welding 
members or ‘‘sonotrodes’’, specifically designed for 
each type of weldment, and the vibratory energy is 
introduced for a brief interval, generally 1 to 3 sec. Solid- 
state metallurgical bonds are thus produced, with insigni- 
ficant external deformation of the pieces. 

During the past four years of experimentation and 
development with this process, good bond strength has 
been obtained in ultrasonic sheet-to-sheet welding of a 
number of metals. Ultrasonic welding appears to achieve 
roughly the same order of strength, at least with alu- 
minium, as does the older technique of high-pressure 
welding. However, ultrasonic welding differs from ordi- 
nary pressure welding in that bonding is accomplished: 

(a) Without meticulous attention to surface prepa- 

ration. 

(b) With in onsequential deformation (less than 5% 

instead 0. 60-80%). 
(c) With lower applied static compressive loads. 
Ultrasonic welding can be successfully used, not only 
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for the joining of flat sheets, but also for a variety of other 
configurations. Diminutive ribs have been welded to flat 
aluminium plates and to long tubes in a spiral con- 
figuration. However, to achieve its present state of 
development, several problems had to be recognized. 


BASIC PROBLEMS IN ULTRASONIC WELDING 


In order to clarify the concept of ultrasonic trans- 
ducer-couplings, a brief explanation follows. 

The transducer is the device which converts alternating 
electric current into mechanical vibration. It can be a 
stack of nickel laminations, barium titanate ceramic, 
natural or artificially grown crystals, an electro-magnetic 
device, etc. The coupling is the medium—in this case, 
metal members—which conducts mechanical vibration 
from the transducer to the work area. The transducer- 
coupling system includes the transducer, the coupling 
between members, the mountings to support these, the 
contacting tips between the coupling and the work, and 
the reflector sonotrode. The resonant frequency of the 
transducer-coupling system should be the design fre- 
quency of the complete system. The transducer is designed 
to operate at a particular frequency, and the coupler is 
designed to resonate at the same frequency. 

Early transducer-coupling systems were inefficient for 
several reasons, i.e.:— 

(1) Data were not then established nor reduced to 
engineering utility ; in fact, not very much was known 
about transmitting elastic vibration through metal 
members at power levels, although basically such a 
system follows the theory of electric power-line trans- 
mission. 

(2) The early systems were “ force-sensitive ’’; i.¢., 
when a force was applied through the system, it resulted 
in a shift in resonant frequency of the transducer- 
coupling system to such an extent that matching or 
tracking with the a.c. power source was not feasible. 

(3) The mountings absorbed great amounts ol 
energy, so that little was delivered to the weld area. 

(4) Energy travelled beyond the working point; to do 
effective work, the energy should be dissipated exactly 
in the weld area. 

There was no satisfactory mounting method which 
would permit force application through the transducet- 
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coupling system without (a) removing a large amount of 
energy from the system or (b) producing an unacceptable 
shift in the resonant frequency of the transducer-coupling 
system. 

Some of the best welds to date have been produced 
with the transducer-coupling system shown in Fig. 1. It 
is evident that this system delivers a combination of 
shear and compression vibration to the plane of the weld. 
It is not ‘* force-sensitive ’’; very little energy is lost to the 
mounting system and its resonant frequency does not 
shift; and its design is such that much of the delivered en- 
ergy is localized in the weld zone. 

The transducer consists of a stack of nickel lamina- 
tions, each about 10 mils thick, with a low d.c. voltage 
polarization source, about 5 A at less than 1 V. The 
alternating current is supplied by an electronic generator 
at the design frequency of the transducer-coupling 
system, preferably in the range of 4 to 40 kc. 

Recent investigation of the power factor in the a.c. 
circuit reveals the applied power to be in the range of 
100 to 1800 true watts effective to the transducer under 
various conditions. There is some indication that an 
instantaneous value at the initiation of the welding pulse 
may be higher. Acoustical watts delivered to the weld 
area are less than the a.c. watts to the transducer. 


CONTROLLABLE ULTRASONIC WELDING VARIABLES 


Static Force: The static force applied to materials 
which have been ultrasonically welded has been in the 
range of 10 to 350 lb, and seems to be dependent upon 
the following factors: The properties of the material being 
welded, the thickness of the thinnest member of the 
weldment, the ultrasonic power being utilized, and the 
geometry of the welding tips. In general, low static 
forces are associated with (a) small welds, (b) thin 
materials, (c) soft materials, and (d) low power. Greater 
static forces are associated with (a) larger welds, (b) 
heavier materials, (c) hard materials, and (d) higher 
power. 

Tip Geometry: Throughout the development of ultra- 
sonic welding, it has been expedient to use welding tips of 
spherical geometry, having radii between about 1 and 
6in. A large portion of the work has been done with a 
spherical tip with a 3-in radius. The reflector sonotrode has 
a flat surface. 

_ Frequency: It has been clearly established that 
vibratory welding can be accomplished over a broad 
frequency range. Much of the work to date has been 
accomplished within the frequency range of 4000 to 
40,000 cps. It is believed that thinner materials respond 
to the higher, and thicker materials to the lower, 
lrequencies. 

Ultrasonic Power: The electrical power used has been 
in the range of up to about 1800 W. Transducer-coupling 
systems within and above this capacity have been de- 
veloped. In general, harder and thicker materials 
‘quire more power, while the thinner, softer materials 
require less power, as low as approximately 200 W. 

Ultrasonic Exposure Time: In ordinary circumstances, 
ultrasonic welding is accomplished in from 0:5 to 1-5 sec 
per weld. Some work has been carried out with times as 
short as 0.10 sec and as long as 6-0 sec. 


FACTORS ASSOCIATED WITH THE MECHANISM OF ULTRA- 
SONIC WE: DING 


Stress “istribution in the Weld Zone: Evidence already 
*xists tho: welding is accomplished at least partly as a 
result of « formation at the interface being welded. This 
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deformation results from stresses introduced into the 
weld zone by the static force applied through the welding 
tips, on which are superimposed oscillating stresses 
associated with delivery of the elastic vibratory energy. 
The process achieves considerable deformation at the 
interface being welded, with relatively little deformation 
at the surface where the static force and elastic vibratory 
energy are applied. Measurements show that the external 
deformation is of the order of 0 to 5% of the total thick- 
ness of the sheets being welded. Inspection of numerous 
micro-sections reveals internal deformations amounting 
to as much as 80% when the materials are of foil thick- 
ness; in thicker sheet materials, the actual internal dis- 
placements are of the same order as in thin foils, the 
percentage internal deformation thus being lower with 
increased sheet thickness. 








oe ee S Come” ‘« aN 
Recrystallized for 30 min at 1450°F, etched in picral. (x 260) 
Fig. 2. Edge section of an ultrasonic weld in 0-01 in. stainless-steel sheet. 

Investigations associated with ball-bearing failure 
and other problems seem to have established the fact that 
substantially higher stresses can exist below a surface 
contacted by a spherical indenter than exist at the con- 
tact area between the indenter and the material it presses 
upon. Fig. 2 is a photomicrograph which clearly shows 
cold work, adjacent to the interface, in ultrasonically 
welded steel sheet. 

It is reasonably certain that ultrasonic welding 
results from the ability of certain contacting force- 
member geometries, which are cyclically displaced very 
slightly and very rapidly, to produce dynamic internal 
stress distributions sufficient to cause internal plastic 
flow at the interface undergoing welding. 

Since shear and compression vibration was established 
as one of the modes for making ultrasonic welds, a 
number of mechanisms have been postulated as means for 


437 








accomplishing this type of welding. The theory which 
seems to stand up best propounds that there exists a 
kind of jelly island in the sheets around the weld zone, 
which deforms elastically and plastically. At the inter- 
face, these islands may be moving somewhat in opposi- 
tion to each other, and the surfaces in contact execute 
local plastic deformation. This process is continued until 
sufficient weld area is built up, when there is insufficient 
power to cause further internal plastic deformation. 

Net Energy Delivered to the Weld Zone: The elastic 
vibratory energy delivered to the weld zone (a) generates 
surface and internal stresses in the weldment, (b) pro- 
duces elastic and plastic deformation in the weld zone, 
generating heat and resulting in an associated temperature 
rise, and (c) can traverse the weld zone and be dissipated 
elsewhere. It is clear that accurate measurement of the 
net energy delivered to the weld zone is fundamental to 
the ultrasonic welding process. However, precise 
determination of this energy is not straightforward. 

Temperature Developed in the Weld Zone: Elastic 
hysteresis and plastic deformation become manifest as a 
temperature rise in the materials being welded, tran- 
siently affecting their properties. Theoretical analysis, 
based on assumed energy dissipation in the weld zone, 
a planar heat sink, and the thermal properties of alu- 
minium, indicated a possible temperature of about 600°F. 
Two experimental approaches have been used, i.e., (1) 
embedding small thermocouples at the interface of two 
aluminium sheets prior to welding and recording their 
output with an oscillograph having a response of 100 cps; 
and (2) the formation of ultrasonic welds between 
different materials which, during welding, acted as 
thermocouples and fed the same recording system. The 
first method, with two sheets of aluminium, indicated a 
temperature of about 400°F; the second approach, using 
sheet Monel against sheet aluminium, indicated a 
temperature approaching 1000°F. For reasons associated 
with the different thermal properties of the materials, the 
data are not comparable, but probably the bimetal weld 
produced a better indication of micro-scale temperatures. 

Neither system recorded temperatures approaching 
the melting temperature of the lowest melting material 
of the weldment, and microscopic examination has 
revealed nothing indicative of fusion. This clearly indi- 
cates that ultrasonic welding is a solid-state phenomenon. 

Properties of the Material Being Welded: No metal has 
been encountered to date which could not be ultrasonic- 
ally welded, although ultrasonic welding of every metal 
or metal combination has not been attempted. Listed 
below are some of the highly tentative conclusions 
which have been reached regarding the ultrasonic 
welding process and its relation to material properties. 

(a) Very soft alloys are somewhat more difficult to 
weld than harder alloys. 

(b) Bimetal welds can be effected more readily when 
the hardness of the two metals is not too far apart. 

(c) Micro-hardness studies on welds in several alu- 
minium alloys do not indicate a substantial increase in 
hardness over that of the surrounding metal. 

(d) The weld area increases with the thickness of the 
material to a limiting value, above which welding has not 
yet been possible, and this limit is different for different 
materials. 

(e) In hard materials welds are smaller than in soft 
materials. 

(f) The thermal properties of a material affect its 
ultrasonic weldability. 

(g) While surface cleanness and surface films do 
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affect ultrasonic welding of materials to some ¢ «tent, 
they need not be as carefully controlled as for pressure 
welding. Ultrasonic welding of low-carbon ste. has 
been accomplished directly through highly adherent 
plastic films; aluminium has been anodized to a film 
thickness of 500A and successfully welded. 

The significance of material properties requires 
extensive investigation, and the fact that ultrasonic welds 
are produced under conditions of triaxial restraint is 
being considered. 


PossIBLE Uses 


(1) Foil-thickness materials can be metallurgically 
joined and the bonds have very substantial area as 
compared with fusion welds in such materials. 

(2) Foil-thickness materials can be joined to heavy 
plate, rods, or tubes. As far as is known, it is not feasible 
by any other method to achieve welds of considerable 
area between, for example, 1-mil foil and 1-in. plate. 

(3) Small buttons of one metal can be joined to heay- 
ier sheet, plate, or ribbon, to produce the type of joints 
which might be desired for electrical contacts. 

(4) The welding of sintered aluminium powder pro- 
ducts, and probably also of other sintered powdered 
materials, can be effected. 

(5) Copper in gauges at least up to 0-040 in. can be 
ultrasonically welded without excessive power require- 
ments. 

(6) The process can probably be used for joining 
dissimilar metals where existent methods are impractical. 

(7) Hermetic sealing of small containers, such as 
impact extrusions, squeeze tubes, etc., may be effected. 


A New Method of Calculating the 
Electrical Stresses in a Winding 
Subjected to a Surge Voltage 
(Concluded from page 424) 


On this occasion, the inductances and capacitances were 
not calculated, measured values being used for the co- 
efficients. A time step of 0-5 psec was selected to test the 
220-kV winding, consisting of thirty double-disc coils of a 
22:3-MVA single-phase transformer. To provide a basis 
for an analytical treatment of the problem, the thirty coils 
were subdivided into twenty-one elements. Each of the 
six first and last elements consisted of one, and the inter- 
mediate elements of two, double-disc coils, so that 
geometrical symmetry was maintained. A double- 
concentric coil arrangement was employed ; therefore, 
it was possible to replace the inner and outer low-voltage 
windings by two short-circuited aluminium cylinders, 
1 mm in thickness. There was no iron core. Here, too, 
the comparison was completely satisfactory ; however, 
the somewhat primitive calculating machine failed to give 
the same service as the analogue computer. 

The treatment of this example also provided an oppor- 
tunity of examining the accuracy of the calculated voltage 
distribution over the individual elements. This is 4 
question of considerable practical significance, because, 
as is known, dangerous stresses may arise between neigh- 
bouring coils. Coincidence between calculation and 
measurement was found to be less satisfactory for the 
first six elements, but definitely good for the remaining 
ones. Apparently, the reason may be sought in the choice 
of somewhat too coarse a time step, so that it appeals 
quite certain that an analogue computer is more suitable 
for solving such problems. 
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British Industrial Developments 








New Processing Plant for Trans- 


former and Rectifier Production 


A programme of considerable expansion of premises, 
as well as re-organization of production methods and the 
installation of important new plant, has been carried 
out by the Hackbridge and Hewittic Electric Company 
in its transformer and rectifier works at Walton-on- 
Thames. In particular, a notable stage has been reached 
this year with the erection of a further extension to the 
works and the installation of a specially designed trans- 
former process-oven and associated oil-treatment plant. 
The impulse-test laboratory has been increased in 
capacity, and an annealing furnace is being installed for 
the treatment of cold-rolled steel, whilst improvements 
have been made in design and construction of both 
transformers and rectifiers. 

Particular importance has been attached to the manu- 
facturing stages of very-high-voltage units, and a portion 
of the extended bay No. 3 has been devoted exclusively 
to their assembly. It has been screened off and the floor 
specially painted to ensure that the highest level of 
cleanliness is maintained. Coil winding for these units 
is carried out in similarly painted and screened coil- 
winding bays, and two 120-MVA, 275-kV transformer 
units are at present in course of production in these 
departments. A portion of the main transformer 
assembly shop (No. 3 bay) is shown in Fig. 1. In the 
foreground are two large vacuum- and air-treatment 
autoclaves, each of which can accommodate the core 
and coil assemblies of transformers up to 100 MVA. 

The new extension forming No. 9 bay, now in course 
of construction, measures 120 ft wide by 105 ft long, and 
a second floor is provided over half of this area, giving a 
total extra floor space of 18,900 sq ft. This section will be 
revoted almost exclusively to winding and erection of 
dectifier transformers. 

The works boilers have been converted to oil firing, 
thereby eliminating the dust associated with coal and ash 
handling. The plant consists of three 40,000 1b/hr 
boilers operating at 100 to 120 psi. 

The requirement of transformers to pass an impulse 
test and to withstand such stresses in service has emphas- 
ed the importance of process treatment during manu- 
facture. For this purpose the most up-to-date process 
plant has been installed recently by the Company in 
collaboration with the General Engineering Co. (Rad- 
(life) Ltd. It incorporates a drying oven, believed to be 
the largest in the country, which is capable of accom- 
modating the largest transformers envisaged, complete 
in their own tanks. The plant includes de-aeration 
equipment for treatment of the oil prior to transformer 
impregnation and for subsequent re-circulation, and also 
ancillary gear and controls, together with automatic 
control of temperature for all process equipment. 
Important features of this plant include complete drying 
out of core and coil assemblies before impregnation ; 
cooling off of units in a controlled atmosphere, permitting 
Personnel to enter and prepare the transformers for 
assembly in their tanks, thereby reducing to a minimum 
the time of exposure to shop atmosphere ; and the de- 
aeration 2nd maintenance in a heated condition under 
vacuum c* oil in reservoirs, in readiness for use. 

_The ecipment has been installed as a self-contained 
unit in a ! ilding flanking the extreme end of No. 3 bay, 
80 that it ‘s in close proximity to the heavy erection shop, 

-H.V, power-test department, impulse-test laboratory, 
and desp=tch exit. Conveyance from one section to 
another hs therefore been reduced to a minimum and is 
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ideally arranged by co-ordination between a heavy over- 
head crane and two hydraulically propelled bogies which 
run on flush-mounted floor rails in a crosswise direction 
between the oven and impulse-test laboratory. By this 
means transformers for treatment are placed on the 
bogies and run into the oven, thence to the impulse-test 
laboratory, and back to the crane position for preparation 
for despatch and loading onto the transport vehicle 
alongside. 
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Fig. 1. 
The oven chamber, measuring 37 ft 6 in. long, 26 ft 
6 in. wide, and 24 ft high, is thoroughly insulated with 
fibre-glass on the walls and ceiling, and is lined with sheet 
aluminium. Ample illumination is provided by a well- 
distributed lighting system. The chamber is closed by 
means of a sliding wall, which is sealed in the closed 
position, and incorporates sight windows and a wicket 
door. The main system of air ducts, through which the 
circulating air from the blowers overhead is passed, is 
arranged on both side-walls to give a uniform distribution 
of temperature. Auxiliary air supplies, vacuum line, and 
oil supply are connected by flexible hose from flanged 
connections inside the oven. Measuring and control 
instruments are mounted externally on a central control 
platform, and recording instruments include electronic 
devices for oil-level indication and protective alarms. 

The oil is stored in three tanks, each of 10,000 gallons 
capacity, one for raw oil as received from the suppliers 
and two for storing treated oil. The latter are fed from 
the former via a filter and calorifier and, when the 
required quantity of oil has been transferred, it is circu- 
lated through the filter press and calorifier, and passed 
through a heated de-aerator, where it is atomized under 
high vacuum to expose the maximum surface area for 
extraction of moisture and air until the highest possible 
dielectric strength has been reached. 

The vacuum plant comprises three high-vacuum 
pumps of the gas-ballast type, connected so as to enable 
vacuum to be drawn either independently or collectively 
on the oil reservoirs, de-aerator, or transformer under 
treatment. A water-cooled condenser is incorporated in 
the vacuum lines for the extraction and measurement of 
water and collection of gas condensate, permitting the 
most efficient operation of the pumps and providing an 
indication as to progress of treatment. 

The surge-generator equipment has been transferred 
to more spacious quarters (Fig. 2) in the extended No. 5 
bay. Its capacity has been increased to over 2 MV for 
impulse tests on transformers up to the 400-kV system- 
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. It is far too important. Imagine the cost and complexity of 
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switches: think how simple a rotary makes it. Go on to ask the obvious 





switching the multiple circuits of radar or radio without rotary 




















question: Why not the same simplification of industrial power switching ? 

Why not indeed! Austinlite Rotaries are designed for that very purpose. They switch 
more compactly, more cheaply, more simply than conventional switchgear... and 
every switch is built for its job. Tell us what the circuits are: we will supply an 
Austinlite—no matter how special—to switch them. The switches are described ina 


technical brochure ‘Simplified Switching ’— copies are available on request. 


Rotary switching is ‘Simplified Switching’ 


ask o7hustintite about it 


AUSTINLITE LIMITED, 28 ST. JAMES’S SQUARE, LONDON, S.W.1 + TEL. : TRALFALGAR 1954 
(A subsidiary of Stone-Chance Ltd., the makers of Sumo Pumps and Stone-Chance Lighthouses) 
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Fig. 2. 
voltage class. The generator comprises twelve stages, 
each consisting of an oil-filled capacitor with the usual 
front, tail, and charging resistors and adjustable gaps. 
The twelve gaps are adjusted simultaneously by a small 
geared-down electric motor which is operated from the 
control desk. The gap-spacing control is calibrated direct 
in kilovolts, and adjustments can be made while the 
capacitors are being charged up. The step-up transformer 
has a peak voltage of 100 kV at 50 cps, and a voltage- 
doubling selenium-rectifier system gives the 175-kV d.c. 
for charging the twelve sections of the generator in 
parallel, this being the maximum permissible working 
voltage. When the system is triggered, all the gaps spark 
over and the capacitors become temporarily in series, 
giving a brief peak of up to 2:1 MV when set for the 
maximum surge. When the capacitors have charged to 
the requisite voltage, the surge is released by energizing a 
separate small transformer which breaks down the 
bottom gap ; this triggers off instantaneously the com- 
plete series of spark gaps. At the same moment an impulse 
is transmitted to an oscillograph, and the ** X ’’ sweep is 
released to make the photographic record. Facilities are 
included for the rapid developing and examination of 
oscillograms while a series of tests is being carried out. 
In addition, a recurrent-surge oscillograph, which enables 
the surge distribution and other data of the windings to 
be ascertained, has been produced by the Company’s 
research laboratories. This apparatus gives a valuable 
prediction of the impulse distribution and assists in 
locating any weakness which might be prejudicial to the 
success of the test. 

A considerable proportion of the Company’s output 
of transformers consists of units in which cold-rolled 
steel is used for the core. Experience has shown that the 
ideal performance of the steel can be achieved only after 
work stresses produced in its grain structure during 
fabrication of the laminations have been relieved. To 
meet this requirement an annealing furnace is being 
installed in bay No. 3. This furnace will permit the 
stress-relieving of 20 tons of steel per week at a maximum 
temperature of 850°C in a controlled atmosvhere of 
nitrogen. The plant incorporates two electrically heated 
hearths, each capable of accommodating a charge of 5 
tons of the maximum size of sheet supplied, a muffle for 
holding each charge in the nitrogen atmosvhere, an 
tlectrically heated bell, and a cooling hood. Continuous 
operation is afforded by alternate charging of the two 
hearths by transferring the furnace bell, following com- 
pletion of the controlled heating and cooling cycle, from 
the stack loaded in the first hearth to that in the second. 
The furnace is provided with fully automatic temperature 
Programme-control equipment, and, in addition to con- 
trollers for the bell and base, provision is made for record- 
ing check-‘emperature tests of the actual charge being 
eated. ‘the atmosphere plant is of the cracked and 
burnt ammonia type, comprising a burner, a cracker with 
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catalyst, one katharometer with flow-meter, and one 
activated-alumina gas drier of the automatic change-over 
t ; 
eo design and construction have been kept 
in line with modern trends and the latest insulation 
materials and methods of clamping windings introduced. 
Much new winding machinery has been installed, many 
of the larger units being of the Company’s own manu- 
facture. Finally, insofar as rectifiers are concerned, the 
extensions have permitted the opening of a complete new 
assembly bay for large power rectifiers and re-arrangement 
of the medium- and low-power sections. The rectifiers 
are constructed on a unit basis, and modern production 
methods have been introduced to speed up assembly and 
despatch. At the same time, revolutionary advances 
have been made in cubicle design, and these not only 
assist in production but are also of considerable advantage 
in installation. 


Increased Glass Production by 
Electric Boost Melting 


To assist in meeting the increased demand for glass 
bottles of a wide variety of shapes and sizes, the United 
Glass Bottle Manufacturing Co. Ltd. have recently put 
into operation at their Charlton Works an electric boost- 
melting system on one of their regenerative-type furnaces. 
Although the system, known as the Penberthey boo:t- 
melting three-phase system, has increased the capacity 
load of this particular furnace by 30 tons of glass per 
day, without increasing its size, this is not the sole con- 
sideration for its introduction, as glass produced by this 
means has also proved to be of a much better quality. 
The supply of electrical equipment, for the control of the 
boost-melting furnace, was carried out by the Plant 
Division of Crompton Parkinson Ltd., of London, 
W.€.2. 

Basically, the system takes advantage of the fact that 
when glass gets hot it becomes highly conductive. 
Electric power, derived from three single-phase Cromp- 
ton Parkinson transformers, is fed into the furnace via 
water-cooled molybdenum electrodes, each operating, 
in this instance, at a maximum current rating of 2000 A 
per electrode. The current applied is in accordance with 
the load conditions of the furnace, ranging from 100 kW 
to a maximum of 630 kW, the furnace being rated at 5 
tons of glass per 100 kW approximately. By passing high 
currents through these electrodes, which are inserted 
through the refractory side-walls of the furnace, the 
molten glass receives its maximum temperature boost. 
In this way heat is liberated within the glass itself, tending 
to give good glass-melting conditions. In the area of 
molten glass adjacent to the electrodes, convection 
currents are created, and these energize the glass and 
assist in the “ fining ’’ process. The electrode method, in 
contrast with other firing methods, ensures that heat is 
directed to the region of the furnace where the highest 
temperature is required. After electric boost melting, the 
molten glass travels through a throat to the working end 
of the furnace, where it is distributed by channels to 
bottle-making machines of the suction and flow type and, 
after annealing, the bottles proceed to the sorting depart- 
ment. 

The furnace transformers are Crompton Parkinson 
single-phase, indoor units, each of 250 kVA, stepping 
down from 9900/11,550 V in six steps, to a secondary 
voltage variable between 75 and 346 V, with a maximum 
of 250 kVA available at any voltage. The incoming 
supply, at present 10,000 V nominal, will be altered to 
11,000 V nominal at some future date. Two off-circuit 
externally operated tapping switches select the incoming 
and outgoing voltages respectively. All tappings are 
situated on the high-voltage winding and external linking 
arrangements on the low-voltage winding provide 
series-parallel connections and also connect the three 
units in either delta or star, depending on requirements. 
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For lasting. trouble -free service 


GOODYEAR AIR HOS 











You name the job... . drilling, riveting, chipping or wherever you use a 
pneumatic tool . . . and Goodyear will provide a type of air hose to meet the 
exact operating conditions. And it can be provided quickly—from your local 
Goodyear distributor’s stock of sizes in regular demand or in a few weeks 
against specific ordering. 

Because each Goodyear Air Hose is made to do a particular job and because 
it’s quality-built from top grade materials you can be sure it gives lasting, 
efficient, trouble-free service. 

Goodyear Air Hose — all styles — combine strength and flexibility with 
high resistance to abrasion, contamination, weather, and damage by 
crushing, twisting or blows. 


CAN WE HELP? There's a permanent staff of experienced 
Goodyear Representatives to help you overcome any hose problem. 
Take advantage of this service. Contact your nearest Goodyear 
distributor — or The Goodyear Tyre & Rubber Co. (G.B.) Ltd., 
Industrial Rubber Products Department, Wolverhampton. 


Goodyear Air Heavy (Wrapped Ply) Style 
273 x 24; for use with air drills, picks, 
hammers and similar heavy-duty pneumatic 
tools. Has a smooth bore tube, resistant to 
oil mist, reinforced with plies of heavy-duty 
fabric and a heavy cover that withstands 
rough usage in mining, quarry and con- 
structional work. 
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The transformers are designed for a lower temperature 
rise than standard, and the cores are built of cold- 
reduced oriented steel. An earth shield is also fitted 
between windings, as the method of furnace operation 
precludes a direct earth on the secondary windings under 
certain conditions. Although the circuit is three-phase 
unearthed on the L.V.side of thetransformers, an earthing 
electrode is inserted at the working end of the furnace, 
reducing to a minimum the potential of glass at the 
bottleemaking machine pick-up point. The electrode is 
connected to large cast-iron plates in the ground which 
are in turn bonded to the bottle-making machines. 
Operation of electric boost melting on this furnace is 
extremely simple and flexible, relying as it does on the use 




































a of simple tapped transformers which are adequate to 
e ' obtain sufFcient voltage range, even allowing for 
| variation of resistance with temperature. As variation in 
' electrical resistance of glass with temperature is great, 
S flexibility in voltage available at the electrodes is required. 
In order to ensure the safety of unskilled operators, the 
e oil circuit-breaker of the Crompton Parkinson CLAI unit, 
‘ controlling the high-voltage supply to the transformers, 
>” is arranged for remote operation from a low-voltage 
control cubicle situated adjacent to the furnace. The 
h solenoid closing gear of the oil circuit-breaker is designed 
y for operation from a d.c. supply. The control cubicle 
includes ammeters and voltmeters on each phase, together 
with an indicating wattmeter. 
d_] Cold Hydraulic Ship-Frame Bender 
ir Generally, ship frames are heated in a furnace before 
a they are laid out on the floor and then bent or bevelled, as 


required, by small hand-operated jacks. The use of a 
furnace, however, is expensive, output is low, and fre- 
quently the frame setters are kept waiting while a bar 
heats up, resulting in wasted time and unnecessary extra 
costs. These disadvantages have been eliminated by a 
hydraulic ship-frame bending machine, developed by the 
Scottish Machine Tool Corporation Ltd., of Glasgow, 
a which will work with all frame sections cold, so that the 

use of a furnace is no longer required. When bending the 
frame, the machine can bevel it at the same time and, 
since most frames are bent two at a time, a high rate of 
output is obtained. Moreover, in addition to saving 
valuable space, the number of men employed on this 
work is considerably reduced, only one skilled operator 
and two helpers being required at most. 

Massive cast-steel levers grip the sections and hold 
them together rigidly during bending. Suitable tools 
between the levers ensure that the pressure is applied 
correctly to the frames, special tools on the front faces 
being used for bevelling. The tools can be changed 
quickly to accommodate different sections. A vertical 
handscrew connecting the gripping levers limits the 
Opening between the clamping tools, thus preventing 
large idle motions. A nose-piece, carried on a screwed 
ram between the gripping levers, engages on the edge of 








Je the frame during bending, and its position in relation to 
5S, the front-face tools on the gripping levers can be quickly 
tic adjusted by power. 

. During bending, the frames are held firmly by two 
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pairs of claws, which, although they bear lightly on the 
frames to avoid damaging them, powerfully resist any 
tendency of the frames to spring apart. A tongue-piece is 
located between the claws, and a packing-piece inserted 
behind it limits the closing movement of the claws and 
prevents the initial clamping load from being exeessive. 
The entire claw can rotate about the vertical pin to 
accommodate itself to different curvatures, while a roller, 
mounted on the backplate of each claw, supports the 
frames at the right height and assists in their handling. A 
handscrew provides vertical adjustment of the roller for 
different sections, while power adjustment by horizontal 
screws of the position of the claws permits variation of the 
bending centres. In addition to the claws, a central tool 
is mounted on a screw in the end-block. This tool is 
located immediately in front of the gripping levers and 
can be advanced or withdrawn, as required. All move- 
ments are made via an electric motor, and a limit-switch 
prevents overrunning during withdrawal. All loads on 
the frames are applied hydraulically, and the machine 
can be very delicately controlled. 


Jet-Bore Grinding Machine 

A new jet-bore grinding machine, model DBS, manu- 
factured in Germany by Schaudt Maschinenbau G.m.b.H., 
is now available in Great Britain through the Sykes 
Machine Tool Co. Ltd., of Staines, Middlesex, the sole 
British agents for Schaudt equipment. The new machine 
is particularly suitable for the manufacture of internal 
combustion engines, for many types of instruments, for 
injection-pump jets, and for other purposes where high 
surface finishes are required in cylindrical bores and cone 
seatings. 





A contributory factor to the production of fine 
f nishes with the Schaudt DBS is the oscillating grinding- 
spindle principle incorporated, this oscillating movement 
being derived from a rotating cam which imparts the 
motion, through a rocking lever, to the wheelhead slide. 
An electric motor, operating through a V-belt and worm 
drive, actuates the cam. Friction losses are greatly 
reduced by mounting the wheelhead slide on ball bearings. 
The V-belt system provides speeds of 60, 80, and 100 
strokes per minute, while the length of stroke can be 
varied by changing the cam. The high-frequency grinding 
spindle has a built-in, independent electric motor, with 
speeds of 90,000 and 120,000 rpm obtained through the 
use of a frequency converter for increasing the frequency 
of the mains supply. In order to lubricate the rapidly 
moving parts of the spindle, an oil-mist system is pro- 
vided. Swivelling of the wheelhead between 25 and 
45 deg. is permissible. The workhead, which is fully 
adjustable, is mounted in high-precision, anti-friction 
bearings and has a range of eight speeds from 60 to 1500 
rpm. High output rates are assured, since the grinding 
of both bore and cone seating is carried out at one setting. 
Furthermore, a quick-acting chuck and special work- 
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** Newallastic ’’ bolts and studs have qualities which are abso- 
lutely unique. They have been tested by every known device, 
and have been proved to be stronger and more resistant 
to fatigue than bolts or studs made by the usual method. 
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transfer device make the machine particularly suitable 
for the economical grinding of large batches of com- 
ponents. 

The cycle commences with the work-transfer device 
conveying the component to the chuck, where it is 
securely held. The required cone angle is set by swivelling 
the grinding-spindle assembly and the upper section of 
the wheelhead, according to the graduated scales pro- 
vided. The hydraulic table traverse is started and the 
cylindrical bore is ground, the infeed proceeding until 
the preset depth has been reached. The oscillating motion 
then commences, and this, together with a short traverse 
in the direction of the cone angle previously set, permits 
the cone seating to be ground. Tapers between 50 and 
90 deg. can be produced by this means. At the end of the 
cycle, the table travels to the extreme left of the machine 
and the workhead stops automatically. All stops are 
readily adjustable and require setting only once for the 
first of a batch of components. The pencil grinding wheel 
is dressed by the special device provided, and the motions 
for both the cylindrical and the tapered portions of the 
wheel are hydraulically controlled. 


Automation Base 


The ** Compass ’’ Mk. VII automation base, manu- 
factured by Bristol Repetition Ltd., of Bristol, is intended 
to form the foundation for a semi-automatic or automatic 
rotary machine for carrying out a series of up to fourteen 
operations on a component simultaneously, or for carry- 
ing Out Operations, which may include assembly, on a 
series of components. By equipping the machine with the 
requisite tooling, a very wide range of operations may be 
performed, and may include either straightforward 
machining operations such as milling, drilling, tapping, 
slotting, and chamfering, or may consist of such oper- 
ations as forming, bending, flanging, piercing, clearing, 
cleaning, and marking ; alternatively, parts may be fed 
in at various stages, either manually or mechanically, and 
assembled into a composite form. 





Fig. 1. 


The machine (Fig. 1) consists basically of a substantial 
cast-'-on table, approximately 3 ft square, horizontally 


disp: -d on a suitable frame. Centrally located in the 
tab! > the indexing unit, which comprises a vertical 
Spin», suitably mounted in bearings, carrying at its 
uppe’ end a flange to which can be attached a suitable 
hea‘ or carrier for workpieces. This head, as supplied, 
wiil 2erate any one of four basic settings at will, i.e., 
6,8. >, or 24 stop-stations per complete revolution of the 
heac Any other number of stop-stations per revolution 
can sily be obtained by changing the main ratchet 
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Fig. 2. 


wheel and dial plate controlling the intermittent ‘motion 
of the head. The head is indexed by a cam operating a 
pawl and ratchet wheel. The movement of the table is 
also controlled by a cam-operated stop, making it im- 
possible for the table to overrun at the end of its stroke. 
In addition, the motion of the table is controlled by an 
adjustable pneumatic damper, which enables very fast 
indexing times to be achieved, even with heavy tables, and 
without imposing any undue loads on the overrun stop- 
mechanism. 

Disposed on three sides around the indexing-head unit, 
underneath the cast-iron table, are three camshafts, 
geared together to run at a common speed. The cams 
which actuate the indexing head are mounted on these 
camshafts, and there are, in addition, no less than 14 
points at which other cams can be attached to the cam- 
shafts to actuate push-rods passing through guide-bushes 
in the bed, from any one of which a straight-line motion 
can be picked off and used to operate a work unit. The 
push-rods are more or less equally spaced out around the 
indexing head for three-quarters of its circumference, 
leaving the remaining quarter open for feeding and 
ejecting. The cams for operating the work units can be 
attached or removed in a matter of minutes, and the 
method adopted makes it possible to set and secure the 
cam to the camshaft with great accuracy and very little 
force. Means are provided for rapidly adjusting the mesh 
of the bevel gears connecting the camshafts, so that the 
latter can run together smoothly and harmoniously at a 
uniform speed without relative backlash. 

The base of the machine contains a 1-hp motor and 
the reduction drive connecting the motor to the cam- 
shafts, passing through a readily accessible pick-off gear- 
box, on which is carried a series of four spur wheels, 
which can be changed at will to provide any desired cycle 
time within a wide range. The range of gearing normally 
provided gives a series of cycle-times between one 
quarter of a second (240 per minute) and 10 seconds 
(6 per minute) but cycle times outside this range can 
easily be achieved by suitable modification to the gearing 
or motor speed. When required, a motorized suds-pump 
unit and tank can be supplied and fitted at the back of the 
machine. Finally, the whole table is hinged and can be 
swung open to a vertical position to allow immediate 
access to the camshafts and indexing gear, as shown in 
Fig. 2. 
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Zinc-Aluminium-Copper Bearing 
Alloy 


Originally developed by Voest—The United Iron and 
Steel Company of Austria—Alzen 305 ‘* White Bronze ”’, 
a zinc-aluminium-copper bearing alloy, is now being 
produced at The Owen Organization Foundries of C. & L. 
Hill Limited, of Willenhall, Staffs. Alzen 305, which can 
replace conventional bronzes, was originally converted 
to sand-cast bearings and chill-cast bars, and, in fact, 
the majority of production in Austria is in either of these 
two forms ; however, techniques have been established 
for producing Alzen 305 in the wrought state with highly 
successful results. 

The mechanical properties of Alzen 305 compare 
very favourably with those of the cast bronzes and gun- 
metals ; furthermore, although its coefficient of expan- 
sion is higher than that of bronze, its thermal conductivity 
is approximately double. One of the most important 
features of Alzen 305 which recommend its use as a 
bearing material is, however, its boundary-lubrication 
characteristic. In the event of lubrication failure, com- 
plete seizure will not occur until a bearing temperature 
approaching 400°C is reached and, even when seizure 
actually takes place, the bearing does not weld to the 
shaft, as is the case with bronze ; furthermore, little or 
no shaft grooving results and in most cases the bearing 
itself is not destroyed. The bearing properties of Alzen 
305 have been proved in Great Britain by results obtained 
from tests conducted by the Research and Development 
Division of Rubery, Owen & Co., Ltd., us ng a special 
machin2 design2d to test two bearings simuitanzously 
under similar conditions of load and spzed. 

Economically, the use of Alzen 305 offers the greatest 
advantages. Its specific gravity is only 4-8, compared 
with 8-7 for phosphor-bronze, so that, even at the same 
price per pound, savings of up to 40% can be achieved, 
with consequent economy in transport and freight 
charges and reduction in the weight of the finished article. 
Bearings may now be gravity- or pressure die-cast, 
resulting in reduced machining time and the achievement 
of closer dimensional tolerances. The continuous casting 
of bronze bar, which has presented great technical diffi- 
culties, can now be substituted by the use of Alzen 305, 
which overcomes many of these difficulties. The physical 
properties of continuous-cast Alzen bar have been found 
to be exceptional, an ultimate tensile stress of up to 36 tsi 
and an elongation of up to 8% having been achieved. 
The corrosion-resistance properties of Alzen 305 lie 
midway between the bronzes and the zinc-base casting 
alloys, so that its use under seawater corrosive conditions 
is not recommended. However, in the case of centrifugal 
pumps with pure water lubrication, Alzen 305 bearings 
have been found to be quite satisfactory. 


Six-Cylinder Diesel Engine 

A new version of the Perkins six-cylinder R6 diesel 
engine—the R6 Mark 2—is announced by F. Perkins 
Ltd., of Peterborough, and has been introduced to 
provide users with the advantages of simplicity, accessi- 
bility, and ease of maintenance, coupled with reliability, 
economy, and press-button starting. 

The new version embodies a number of modifications 
and design improvements for better performance and 
longer life. Thus, for instance, the crankshaft rear-seal 
assembly is of a new design, incorporating a rubber-cored 
asbestos strip which forms a positive seal. In the timing 
case and cover a deeper recess has been provided, to 
accommodate the modified chain tensioner, which has 
ample lubrication ensured by grooves cut in the timing 
case to < rect an oil flow from the camshaft aperture ; 
the tensi ner pad is made of a moulded plastic material 
and has heen lengthened to give added protection to 
the timing case. Furthermore, to improve water circu- 
lation, t!> holes in the cylinder-head gasket have been 
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increased in size and all water holes are beaded ; two of 
the stud holes have been reduced in diameter for better 
location purposes. 

Other modifications include improved valve springs 
and exhaust valves, and connecting-rod caps of improved 
and strengthened design. In addition, an improved auto- 
matic chain-tensioner assembly, with a new triple-toothed 
pawl, is fitted, the ratchet plates and slider block being 
hardened and the oil supply for lubrication improved. 
Moreover, in the lubricating-oil pump assembly, the size 
of the pump and the drive ratio have been increased to 
give a greater output, and a steel driving gear incorpor- 
ated for greater strength, while the size of the relief valve 
has been increased, necessitating repositioning. Simi- 
larly, a larger Vokes lubricating-oil filter, with an 
element 7 in. in length, has been fitted, and. the by-pass 
valve relief setting has been increased ; the suction 
strainer is offset to the rear of the sump well and has 
been lowered, 


High-Pressure Reducing Valve 


Recently added to the range of reducing valves manu- 
factured by The Hymatic Engineering Co. Ltd., of Red- 
ditch, Worcs., for aircraft ancillary services, their PS.64 
valve maintains a close pressure control over a wide 
range of flows and falling inlet pressures. Combined 
with the use of high initial storage pressures, this permits 
a saving in weight and space to be effected. The valve 
reduces inlet pressures of between 150 and 3000 psi to 
10 in. w.g. and precisely controls this outlet pressure 
to within + 3 in. w.g. at all flows up to 90 cfm. Its 
weight is 2:72 lb, and it can also be used over the same 
inlet range to give outlet pressures up to 104 psi. 

Pressure is reduced in two stages. The first stage 
provides a coarse control to approximately 50 psi by a 
balanced poppet controlled by a diaphragm, while the 
second stage works on the same principle interlinked 
with a servo-control. A relief valve set at 90 psi protects 
the second stage and relieves directly into the downstream 
side of the valve if the first stage should fail. Datum and 
sensing connections are provided to allow accurate 
pressure pick-up—in the case of the datum connection 
for piping to true or false ambient and in the case of the 
sensing connection to allow sensing of the pressure at any 
part of the system. The effect of losses in the pipe system 
downstream of the valve is thus eliminated. For example, 
when fuel tanks are being pressurized, the actual pressure 
in the tanks can be sensed back to the reducing valve, 
which controls the pressure to remain constant, irres- 
pective of flow. 

The principal applications for this valve are the 
nitrogen-purging of fuel systems, the pressurizing of fuel 
tanks, and supplying cooling air to and pressurizing 

electronic equipment, 
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SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS 
AIRCRAFT BOLTS, SCREWS AND RIVETS 





an 
argument 
oft 
repeated 


That the tapping screw, as 
against the conventional 
machine screw, demonstrably 
saves time, lowers cost, and 
makes a stronger job. By 
eliminating all thread-cutting 
processes up to final assembly, 
and by making assembly itself 
a less-skilled operation, it more 
than offsets steadily-rising 
labour costs. 

And, wherever speed is a major 
factor, the tapping screw with. 
cross-recessed head permits 
the use of power-drivers with- 
out risk of damage to 
operator or work. 

The tapping screw makes a 
stronger, swifter, cheaper, 
easier, safer and better-looking 
product—in any material. 
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* HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
CUSTOM DESIGNED COLD FORGED FASTENERS »* ALEX SCREWPLUGS. 
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Numerous important abstracts which, for lack of space, cannot be published in our main editorial columns are regularly 
| included in condensed form in this section. Subscribers may obtain photostat copies of all original articles at cost. 
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BOILER PLANT 


Investigation of Welds on Superheater Tubes of Ferritic 
Alloy Steels. 

By S. HEISKANEN and K. TIKKANEN. (From Jernkontorets 
Annaler, Sweden, Vol. 140, No. 8, 1956, pp. 529-550, 
29 illustrations.) 

Tuis paper describes the results of welding tests carried 
out on cold-rolled steel tubes of three different super- 
heater qualities, as follows :—Steel A:1% Cr, 0°-4% Mo ; 
steel B: 5% Cr, 05% Mo; and steel C: 13°5% Cr. 
Both atomic-hydrogen welding and gas welding were 
used. After welding, some of the samples were left un- 
annealed, some were annealed by burner flame, and some 
in a furnace at various temperatures and for various 
times. The samples were sutmitted to a flattening test, 
to chemical analysis of the welding material, to a hardness 
test, and to microscopic investigation. 

The flattening test shows that annealing for about 
5 min at 650 to 700°C was suffcient in most cases to 
increase greatly the toughness of the weld. Thus, in 
practice, annealing for from 5 to 15 min ought to te 
sufficient. Analysis of the weld material showed cartur- 
ization after gas welding and decarburization after 
atomic-hydrogen welding, in both instances amounting to 
some hundredths of one percent. The hardness test showed 
that annealing for 5 min at about 700°C gave only a 
slight reduction in hardness of the weld for steel A. For 
steels B and C there was a much greater reduction in 
hardness. In order to reduce the hardness of the weld to 
about the same level as in the base material, a compar- 
atively long anneal was necessary, especially for steel B. 

A reasonable explanation of the above was found by 
Microscopic investigation. Only small amounts of 
martensite were formed in the weld in steel A, whereas 
in steels B and C all regions which had been transformed 
into austenite during heating were martensitic. A short 
anneal therefore reduced the hardness only slightly in 
steel A but considerably in steels B and C. The com- 
paratively high hardness at the weld in steel A was due 
to the presence of probainitic ferrite and of bainite in 
the structure, with comparatively high contents of alloying 
tlements. The hardness of this structure is influenced only 
slowly by annealing below Ac1. 

So-called ** ghosts ’? have been observed in the ferrite 
and martensite, and their formation has been discussed. 
Micro-hardness measurements in different structural 
elements of a sample of steel A showed a great difference 
in hardness between bainite (average value Hy = 260), 
rigs oe ferrite (Hy = 230) and propearlitic ferrite 

v = 160). 





CORROSION 


The Effects of Contam‘nation by Vanadium and Sodium 
Compovnds on the Air-Corrosion of Stainless Steel. 
By G. W. CUNNINGHAM and A. Brasunas. (From 
Corrosion, U.S.A., Vol. 12, No. 8, August 1956, pp. 35- 

51, 23 iliustrations.) 
THE unusu.illy severe high-temperature corrosion of heat- 
resistant alloys occurring under cond'tions where certain 
low-melting constituents are present at the metal surface 
has received considerable attention. but efforts to cove 
with this problem have not as yet been too successful. 
The solution of this problem would permit, among other 
is ngs. the rise of inexvensive low-grade residual fuel oils 
or the operation of present-day gas turbines, thus 
Providing » cheap source of power. Furthermore, ships 
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which rely on fuel oil for propulsion are experiencing un- 
expected corrosion problems when using fuel oils bear.ng 
trace amounts of vanadium. 

The facts uncovered in this investigation suggest 
strongly that, under oxidizing conditions, certain mixtures 
of sodium and vanadium compounds have very great 
aff nities for oxygen, thereby allowing oxygen-rich sub- 
stances to contact metal surfaces and resulting in unusu- 
ally rapid corrosion of the metal under such conditions. 
Although some attempts were made to study the effective- 
ness of additives in reducing accelerated corrosion, it was 
felt that a better understanding of the mechanism of 
attack might lead to a solution of the problem more 
effectively than the empirical approach. This report sum- 
marizes the authors’ attempts and findings. 

The corrosion problem, simply stated, appears to be 
the destruction, by certain contaminants, of the corrosion- 
resistant layer which normally forms on heat-resistant 
alloy surfaces. The destructive reaction is merely the 
formation of a pervious complex or mixed oxide by re- 
action of atmospheric oxygen and contaminants, such as 
vanadium pentoxide, with the metal surface. The reaction 
product, being no longer an effective barrier to diffusion, 
permits the corrosion reaction to proceed at an unim- 
peded rate ; hence, accelerated corrosion occurs at rates 
which may te considered to be catastrophic. 

The progressive addition of sodium sulphate to the 
vanadium contaminant indicates that the most corrosive 
mixture is approximately 20% sodium sulphate/80°% 
vanadium pentoxide. The survey of the melting tempera- 
tures of various vanadium pentoxide/sodium sulphate 
mixtures shows no direct correlation to corrosive be- 
haviour. There appears to be a strong indication, how- 
ever, that unusually high oxygen solubility in the molten 
contaminant containing 20% sodium sulphate may be 
responsible for its unusually high corrosiveness. This 
makes it possible to postulate a more satisfactory theory 
of the mechanism of corrosive attack which need not 
involve a solid phase at the reaction interface. 

Additions of calcium oxide, strontium oxide, and 
carbon were particulary effective in reducing th2 inten- 
sity ofatteck. ‘The effectiveness of carton was res‘r ct2d 
to short time intervals, during wh.ch it became oxidized. 


FRETTING 


An Experimental Study of Fretting. 

By I-MING FENG and B. G. RIGHTMIRE. (From an advance 
copy of a paper submitted to The Institution of Mechani- 
cal Engineers, London, September 1956, 13 pages, 
10 illustrations.) 

THE detrimental nature of fretting has been known for 

some time, yet the urgency of minimizing or eliminating 

fretting has not been recognized until recently. In 1953, 

a mechanism of fretting was propounded by the authors, 

suggesting that fretting begins with ordinary metal 

transfer and wear; then, accumulation of trapped wear 
particles, caused by the small amplitude of relative motion, 
shifts the wear action gradually into abrasive action and, 
finally, damage is caused almost entirely by abrasion. 

It is quite obvious that the initial stage and the transition 

period are the interesting phases of the fretting pheno- 

menon. A thorough studv of these two phases is essential 
for establishing the mechanism of fretting mentioned 
above. This paper reports the results of such an investi- 
gation. 

A new technique for visual examination of the 
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ive development of fretting has been evolved and 

has been found to be especially useful in following the 
of fretting from the initial stage to the later 

. The qualitative investigation, co-ordinated with a 
quantitative study in three different atmospheres, 
ie,, dry air, carbon dioxide, and helium, yielded results 
supporting the mechanism of fretting previously sug- 
gested by the authors. Visual observation also leads to the 
conclusion that chemical reaction (e.g., oxidation) of 
metal with the environment takes place when the metal 
is being, or after it has been, removed from the surface. 


RUBBER 


Load-Deflection Relations and Surface-Strain Distributions 
for Flat Rubber Pads. 

By A. N. GENT. (From a paper presented at the Con- 
ference on Rubber in Engineering, London, September 
27, 1956, 18 pages, 11 illustrations.) 

RUBBER components comprising flat pads of vulcanized 
rubber secured between rigid flat surfaces are widely 
used as mountings and couplings. They are subjected to 
compression or shear, or a combination of both defor- 
mations, often of relatively large magnitude. The shear 
deformation is produced by the displacement of one rigid 
bounding surface in its own plane with respect to the 
other. It differs from a homogeneous shear deformation 
if the pad thickness is comparable with the dimensions 
of the cross-section, when an appreciable bending com- 
ponent enters into the total deflection. 

The compression deformation differs from a state of 
pure homogeneous compression in that the rubber 
adheres or is bonded to the rigid compressing faces, and 
sliding at the interface is precluded. The rubber there- 
fore bulges laterally as the deflection is imposed. The 
loaded surfaces are subjected to a uniform displacement, 
while the free surface of the pad is subjected to known 
stresses (zero). The resulting mixed boundary-value 
problem has not proved tractable, even for classically 
small displacements, and its solution for large elastic 
displacements does not appear imminent. This problem 
has therefore been treated experimentally, as described in 
this paper. 

For any rubber component the presence in use of 
excessive local surface strains is undesirable, and a longer 
service life may be anticipated if the geometrical design 
of the surface is such that high concentrations of strain 
do not arise. In principle, it should be possible to derive 
the state of strain at the surface by mathematical analysis, 
but in practice the problem is difficult and conclusions 
can only be drawn in some restricted cases. Simple 
measuring techniques are described in this paper, where- 
by the distribution of strain over the surface of a rubber 
component may be examined experimentally. These 
methods have been used to determine the régime of strain 
over the free surfaces of some bonded rubber cylinders 
subjected to overall compression and extension. 


STRENGTH OF MATERIALS 


Calculation of Continuous Beams by a Reduction Process. 
By S. Fak. (From Ingenieur-Archiv, Germany, Vol. 24, 
No. 3, 1956, pp. 216-232, 16 illustrations.) 

Tuts article presents a matrix method for the calculation 
of continuous beams on any types of support. The 
method, which uses the topological constants of the 
system ard is suitable for automatic computers, is also 
“aimed to be more compact and more rapid than pre- 
ethods, even when calculations are effected with 

/ computing aids. 
y int on a beam has corresponding values for 
acer ent, slope, bending moment, shear force, and 
' specific load. These five quantities can be 
‘0 acolumn vector Y. The continuous beam is 
‘0 n fields, i.e., spaces between successive 
‘vy applied forces and support reactions. Each 
= represented by a 5 x 5 field matrix F, for 
relations are derived from the fourth-order 
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differential equation for beam sections and its four 

integrals. Now, to pass from the left end to an inter- 

mediate point on a field, the transformation is simply 

Y; = FY_z, where i = intermediate point, and L = left-end 

point. From the left-end point to the right-end point of 

the field, the transformation is Yy = TYz, where R = 
right-end point, and T = transfer matrix, i.e., the field 
matrix extended to the end point on the right-hand side. 

At the boundary of each pair of adjacent fields, there 
are additional deformations and forces. These are taken 
into account by a 5 x 5 “* cross-over’ matrix C, which 
includes terms for linear and torsional springs, as well as 
for forces and displacements. Thus, the complete multi- 
span beam can be reduced to a single-span beam, in which 
the conditions represented by the vector Y, at the extreme 
left-hand end are related to those of the vector Yn at the 
right-hand end by means of the matrix equation Y, = 
CnTn n—1T n—1 eee CeT2CiT1Yo. 

External boundary conditions and _ intermediate 
conditions (clamps, pivots, slides, and free or flexibly 
supported points) occur in pairs for each end of a field 
and can also be taken into account as prespecified values 
or as quantities to be determined in the course of the 
calculation. The latter are obtained from auxiliary 
equations, based on tabulated formulae for discontin- 
uities in forces and displacements. The procedure is 
illustrated by means of three numerical examples. 

VFI DING 

Automatic Electric-Arc Metal Deposition by means of a 
Vibrating Electrode. 

By I. R. PATSKEVICH and G. D. KuLikov. (From Svaroch- 
noye Proizvodstvo, Russia, No. 5, 1956, pp. 6-11, 
11 illustrations.) 

THE disadvantages of conventional electric arc fusion for 

metal deposition in hard-facing and other processes are 

well known. Thus, in addition to difficulties in the use of 
the sutmerged-arc automatic process, the large extent of 
heating obliges subsequent heat treatment, while poor 
control of the thickness of the metal deposited necessitates 
a minimum deposit of 3 mm. 











To overcome these disadvantages, a new method of 
metal deposition, employing a vibrating arc, has been 
developed in Russia and is described in this paper. In 
this method, which can be applied with a standard d.c. 
welding generator (G), in conjunction with a special 
welding head, a round component (1), for example, is 
slowly rotated between centres. The automatic welding 
head feeds the electrode wire (2) slowly towards the sur- 
face and, at the same time, is vibrated along its axis at 
50 cps by an electromagnetic vibrator (3). Two nozzles, 
one of which (4) surrounds the wire, while the other (5) 
is directed at an angle towards the spot to be welded, 
supplies jets of liquid consisting of an aqueous solution 
of calcinated sodium carbonate with a soap admixture. 

This ‘“‘vibro-arc”” process is stated to achieve auto- 
matically deposits of uniform thickness, fully fused with 
the parent metal, and to heat only a fraction of the zone 
normally affected by a conventional welding arc. 
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it takes less push... 
to start a TORRINGTON NEEDLE BEARING 
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The Torrington Needle Bearing has a low coefficient of friction —- both in 


starting and in running. Therein lies a boon for designers and manufacturers. 


Unlike a plain bearing which has a fairly high starting 
coefficient of friction — the Needle Bearing needs no more push to 
‘*oet it going ’’ than to “keep it going ’”’. 
Nor are the frictional characteristics of the Needle Bearing dependent 
upon maintaining a continuous oil film as in a plain 
bearing. This all adds up to inexpensive and simpler designs, 
smaller drive motors and dependability. 
For twenty years our engineering department has helped designers 
and manufacturers throughout industry to adapt the unique 
characteristics of the Needle Bearing to their products. Let us help you 
make the Needle Bearing ‘‘standard equipment ’”’ in yours. 


TORRINGTON ////7// BEARINGS 


NOW AVAILABLE FROM OUR ENGLISH FACTORY 


THE TORRINGTON COMPANY LTD. Works: Torrington Avenue, Coventry 
London Office: 7-10 Eldon Street, EC2 Glasgow Office: 14 Moir Street, Cl 
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These features make 
the TORRINGTON 
NEEDLE BEARING wnique : 


* Low coefficient of starting and 
running friction 
* Full complement of rollers 
* Unequalled radial 
load capacity 
* Low unit cost 
* Long service life 
* Compactness and light weight 
* Runs directly 
on hardened shafts 
* Permits larger 
and stiffer shafts 
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New Materials, Processes, and Equipment 





' TRANSISTOR DECADE COUNTER AND SCALER 
’ Fulfilling the demand for a small and compact device 
" with a low consumption and capable of being used either 
as a stable divide-by-ten stage or, in conjunction with a 
meter, as a counting stage, a new transistor decade 
‘counter and scaler has been developed by Venner Elec- 
tronics Ltd., of Kingston By-pass, New Malden, Surrey. 
'' The unit employs transistors and germanium diodes 
throughout, arranged in four Eccles-Jordan stages with 

weieed-back. 
The device, which will count or divide from zero up to 


q 30 kc/s, is considerably smaller than equivalent cold- 


cathode counting tubes and their associated circuitry, 
and requires one power supply of 10 V, the total consump- 
tion being 100 mW as a scaler and 160 mW as a counter. 
No heating of the stage can occur, so that a very long 
life should be assured. The stage will prove of great 
advantage to equipment in which space and weight are of 
importance and where portability is a desirable feature. 
As such, potential applications include frequeacy- 
- measuring equipment, time-measuring equipment, tacho- 
meters, crystal dividers, crystal clocks, frequency stand- 


| ards, and machine-tool control. 


The construction is interesting, inasmuch as some 86 
components, including 8 diodes and 8 transistors, are 
assembled on a double-sided tagboard measuring only 
4x 3in. This is then encapsulated in epoxy resin (not 
transparent, as in the illustration) to form a block measur- 
ing 43 x 3} x }in., which in turn is fitted with an 
eight-pin plug, so that the unit is ready for direct insertion 
into equipment. One decade may be directly connected to 
another, with no additional components ; as a result, by 
using four in cascade, fed from a transistorized 10-kc/s 
crystal oscillator, an output pulse every second may be 
obtained. Alternatively, by connecting a meter to each 
Stage and again feeding the decades from the crystal 
oscillator, but using a switch (or contacts) to interrupt 
the flow of pulses from the crystal oscillator, a short- 
period timer is obtained which indicates directly on the 
Meters (to the nearest 0-1 millisec) the time for which 
the switch or contacts have been closed. 


NEW GRADE OF MAGNETIC MATERIAL 
T's range of ‘* Caslox ’? magnetic materials, manu- 
facti:: 4d by The Plessey Company Limited, of Ilford, 
Essev ‘or use in television-receiver focusing magnets, has 
been ‘tended by the introduction of a new type known 
as “'« sslox’’ Grade III. Basically, this material, like 
earlie * Caslox”’ grades, is a non-metallic magnetic 
ferrit, jor use in geometrical configurations where 
meta! magnets are unsuitable. It has a high stability, 
resul’: -s from a high value of coercivity and a permeability 

ghtly greater than unity. 

new Grade-III material has been developed, as 
“native to existing grades, for application where 
BER, 
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high standards of dimensional accuracy are of greater 
importance than maximum magnetic properties. This 
material, which is light in weight and which can be easily 
machined with carbide-tipped tools, consists of a powdered 
magnetic ferrite bonded into the shapes desired by the 
addition of a small quantity of resinous binder. This 
technique enables tolerances of + 0-005 in. to be achieved 
and also permits the moulding-in of metallic inserts, if 
required. 

A wide range of different shapes can be produced. 
When “ Caslox ”’ is used in scanning coils and ion traps, 
the magnets can be very compact, featuring high magneto- 
motive force and very low leakage flux. The existing 
** Caslox’’ Grade II will continue to be employed in 
cases where maximum magnetic properties are of para- 
mount importance. 


PORTABLE DIRECT-READING FREQUENCY 
METER 


A new design of small, portable frequency meter, 
giving direct readings from 15 c/s to 100 kc/s in six 
switched ranges, has been developed by The British 
Thomson-Houston Company, of Rugby. The instru- 
ment, which is mains-operated and which weighs only 
9 lb, incorporates junction transistors and germanium 
diodes, the frequency under test being shown on the 
linear scale of a moving-coil instrument. 

Basically, the meter consists of a saturating transistor 
amplifier which charges and discharges a capacitor on 
each cycle of the input voltage. As the mean current 
through the capacitor is proportional to the input fre- 
quency, it can be rectified and shown directly in terms of 
cycles per second on the scale of a d.c. moving-coil meter. 
Provision is made on a rotary switch for selecting any 
one of six frequency ranges, with full-scale deflections of 
300 c/s, or 1, 3, 10, 30, or 100 kc/s respectively. On all 
but the highest range, the accuracy of measurement is 
better than 1% of full-scale deflection ; even on the 
highest range this accuracy holds good up to about 70 
kc/s but, because of limiting transistor characteristics, 
measurements above this frequency may be subjected to 
slightly greater inaccuracy, not, however, exceeding 5% 
at 100 kc/s. To maintain the inherent accuracy of the 
equipment over a wide input-voltage range, another 
switch is provided, to select one of two appropriate 
inputs to the amplifier, to suit the applied voltage. Asa 
result, the instrument can be used to measure frequencies 
within the accuracies mentioned above with inputs rang- 
ing from 0-1 to 500 V. 


—-_ 


The instrument, which measures only 10 x 8 x 44 in. 
high, is essentially a current-operated device and takes 
40 pA r.m.s. for a sinewave input, and up to 110 pA 
peak-to-peak for other waveforms. The long-term 
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stability of the meter is excellent and, when using the 
internal battery as a source-of reference voltage, cali- 
bration drift is negligible. It is, however, possible to use 
the mains voltage as a source of reference but, because of 
supply variations, more frequent calibration is usually 
necessary. 

Another interesting application of the instrument is 
for measuring the speeds of rotating shafts. As well as 
the two voltage positions and calibration position on the 
input switch, another position is available for use with a 
semi-conductor photo-cell input. A combined photo- 
electric head incorporating a light source and photo-cell 
will shortly be available as an accessory and, by focusing 
_ this onto a suitably marked rotating shaft, a direct reading 
of its speed can be obtained. 


ROTARY TRIPLE-POLE REVERSING SWITCH 
WITH STARTING CONTACTS 

Suitable for 3-phase a.c. motors up to 5 hp, a triple- 

le reversing switch with momentary starting contacts 
is announced by Craig & Derricott Ltd., of Sutton Cold- 
field. This switch has a centre ‘* off’’ position which 
breaks all three phases, and forward and reverse positions 
at 45 deg. each side of the ** off’’ position. When the 
switch is moved a further 15 deg. beyond either of the 
“on” positions. a pair of contacts close but, on releasing 
the switch, it returns automatically to the appropriate 
| 45-deg. position, opening these contacts. 


_ Asa result, the switch can be used with a uni-direc- 
tional contactor starter for motor reversal, without the 
loss of no-volt protection. The pair of contacts, inci- 
dentally, takes the place of a starter push-button, so that 
movement of the switch to the “‘ off ’’ position naturally 
performs the function of a stop-button. 


PRECISION INSTRUMENT FOR DRAWING 
ELLIPSES 

A new precision instrument, capable of executing 
consistently perfect ellipses with major axes up to 7 in., 
has been developed by the Fowler Engineering Company, 
of Whittier, California. Within its range, any type of 
ellipse of any size, up to a full circle, can be drawn 
quickly and accurately. No skill is needed, nor are com- 
plicated instructions or calculations required. With each 
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instrument, self-calculating charts, covering every ellipse 
situation occurring in practice, including isometric 
ellipses, are enclosed. 

In operation, the instrument is located over the major 
and minor axes of the required ellipse ; the minor axis is 
set on an indicator scale on the handle, which is then 
turned through 90 deg., after which the major axis is set 
and the ellipse drawn in a few seconds in one complete 
revolution of the handle. Ellipses may be executed in 
pencil or in ink, change-over from one medium to the 
other being effected rapidly. Furthermore, the operator 
has positive control of pen or pencil pressure on the paper 
at all times. 


HYDRAULICALLY OPERATED CUP TESTER FOR 
VERY THIN METALS 

A new cup tester for testing the ductility of very thin 
metals has been developed by Steel City Testing Machines, 
Inc., of Detroit, Michigan. Intended specifically for 
testing thicknesses between 0-003 and 0-062 in., the new 
machine can be used with many different types of metals, 
including copper, brass, aluminium, tin plate, stainless 
steel, and carbon steel. 

The cup tester, designated Model ‘‘ D”’, is a bench- 
mounted hydraulically operated unit, power being 
supplied by a compact electric motor mounted on the 
rear of the base, which incorporates the tank of hydraulic 


oil. Two simple valves on the front of the base provide 
infinite control of the testing operation. Cupping depth is 
shown on a dial indicator fitted with a friction brake, so 
that maximum deflection readings are retained until 
released by the operator. Maximum load at time of yield 
is shown by a red “* lazy’ hand on the load gauge. The 
ball penetrator is of standard 3-in. diameter and the die 
supplied is of standard 1-in. diameter. In this way test 
results can be correlated with the experience of the user 
with respect to thicker gauges and other testers. While 
the minimum recommended width for use with a {-in. 
penetrator is 2 in., narrower strip can be tested by using 
special small-diameter penetrators, with matching dies 
and clamping plates. The overall size of the machine is 
only 114 x 21 x 25 in. high, and its net weight is less 
than 200 lb, affording a certain degree of portability. 


VAPOUR-PHASE CHROMATOGRAPH 

A new vapour-phase chromatograph, specifically 
developed for use in research and analytical laboratories, 
is announced by the Consolidated Electrodynamics 
Corporation, of Pasadena, California. Utilizing the 
elution method, the instrument, known as Type 26-201, 
is extremely versatile and will handle a wide variety of 
compounds, including liquids with boiling points up to 
325°C. Its ability to use micro-samples and to operate 
with adsorption, gas-liquid partition, and reaction 
columns permits maximum flexibility in handling rapidly 
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and simply a wide range of problems, including the 
separation of closely boiling isomers and components in 
mixtures with wide boiling ranges. 

The instrument consists of a control unit and an 
analyser unit. The control unit contains the power input 
and distribution system, carrier gas-flow controlling 
system, and detector-circuit controls. The analyser unit 
contains the sample introduction system, chromato- 
graphic column, thermostatically controlled heating 
system, and detector. The temperature of the analyser 
is continuously adjustable from 60°C to as high as 250°C 
and can be regulated to within 0-5°C. An internal sample 
valve, heated to the temperature of the analyser, controls 
the size of gas samples to within + 0-5°,. Modular 
design makes it possible to expand the system as analytical 
needs vary. Several analyser units may be operated from 
a single control unit and, as the temperature of each 
analyser may be independently set, change-over time is 
cut toa minimum and overail system speed is high. 


LOW-FREQUENCY INDUSTRIAL OSCILLOSCOPE 

Designed to meet requirements in the electronic, 
aircraft, guided-missile, research, chemical, and educa- 
tional fields, an extremely compact low-frequency indus- 
trial oscilloscope has been developed by Hycon Elec- 
tronics, Inc., of Pasadena, California. The instrument is 
sensitive to both direct and alternating current voltages, 
and has identical horizontal and vertical amplifiers, thus 
ensuring accurate phase-angle measurement. By trans- 
lating electrical phenomena into a visual display, it is 
possible, not only to examin? qualitatively and quanti- 
latively the characteristics of an electrical circuit under 
test, but also, by means of a built-in calibration voltage, 
‘0 measure the amplitude of the voltage being observed. 

The new oscilloscope, which is suitable for mounting 
instandard 19-in. racks or cabinets, has a usable response 
up to 500 ke/s, and is “ flat ’’ within 3 db up to 300 ke/s. 
Other features include a flat-face cathode-ray tube, to 
minimize distortion ; high-grade transformers, etc., to 
ensure durability ; and a minimum of components, 
facilitating service and maintenance. 


MOTION-PICTURE PROJECTOR FOR CRITICAL 
ANALYSIS OF FILM 

A new 16-mm motion-picture projector, featuring 
remote control of prolonged single-frame projection at 
lull illumination and of both forward and reverse pro- 
jection in a range between 6 and 24 frames per second, 
's announced by the L-W Photo Products Co., of Los 
Angeles, California. Permitting critical analysis of 
16mm films and designed for use in research and 
development engineering and other applications, the new 
Projector, «icsignated the L-W “Industrialist”’, can project 
4 single stil!-picture for prolonged study without loss of 
illuminatio: and without the heat damage to film norm- 
ally associsied with single-frame projection, optimum 
cooling be’ ig provided by a constant-speed motor 
for blower -vice. Furthermore, the ability to advance or 
reverse by mote control one frame at a time or at 
Speeds bets en 6 and 24 frames per second permits slow- 
speed fram by-frame analysis of any portion of the film. 
p Advancing reversing to a given portion of the film is 
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* 
facilitated by a frame counter, while a wide aperture- 
plate permits the addition of indentification marks out 
to the sprocket holes. A tilting design helps to secure 
proper alignment of the picture. 

The ‘ Industrialist ’’, which is a modification of the 
Kodascope 16-mm silent ‘* Analyst ’’ projector, is com- 
pletely portable, and operates in its case. For daylight 
viewing a daylight-projection viewer, combining a special 
front-surface mirror with a black ‘* day-view ”’ screen, is 
built into the carrying case. The film capacity is 400 ft, 
and a fast power rewind is incorporated. 


THERMAL-TYPE LIQUID-LEVEL SWITCH 

A new liquid-level switch of advanced design has been 
developed by Teddington Industrial Equipment Limited 
for the control and indication of liquid level in tanks, 
boilers, sterilizers, and all types of industrial vessels. 
Operating on an entirely new principle, this new level 
switch, designated type WX, has no moving parts, yet is 
capable of switching loads up to 5 A at 250 V a.c. without 
subsidiary amplifiers or relays ; it is particularly suitable 
for installation where the interior of the vessel being 
controlled is not readily accessible for cleaning or repairs, 
since it requires no maintenance whatsoever. 


The switch is a thermal instrument, operating, not on 
a difference in temperature or latent heat, but on a differ- 
ence in heat transfer between the sensitive element and 
the liquid in the vessel, or between the sensitive element 
and the vapour. This principle provides a very sensitive 
response, changes of level of the order of 0-5 in. being 
sufficient to operate the switch. The operating mechanism 
is temperature-compensated, so that the instrument is 
unaffected by temperatures between 0 and 350°F. An 
automatic surge-damping effect is also provided, since a 
positive change in level of sufficient duration to affect the 
heat transfer is necessary before the switch will operate. 
This entirely eliminates short-cycling caused by momen- 
ary changes in level—an important advantage in installa- 
tions normally subjected to surging or vibration. 
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NEWS OF THE MONTH 





PERSONAL 


Northern Aluminium Company Limited announce 
several new appointments within their Sales Department : 
Mr. D. W. Taylor, formerly Assistant Manager of the 
company’s Sales Development Division, has succeeded 
Mr. G. A. Vernon, who has retired, as Manager of Bir- 
mingham Area Sales Office. Mr. D. A. Pinn, previously 
Manager of Bristol Area Sales Office, has been appointed 
Export Sales Manager. He is succeeded by Mr. H. M. 
Louch previously Manager of Leeds Area Sales Office, 
which is now under the management of Mr. H. Q. 
Lievesley. Mr. D. L. Roper has been appointed Manager 
of Southampton Region Office, with effect from Ist 
October, in succession to Mr. N. P. Campbell who is to 
attend a year’s course at the Centre d’Etudes Industrielles, 
Geneva, sponsored by the Aluminium Limited Group of 
Companies. 


Mr. M. Russell, B.Sc. (Eng.), has been appointed 
general manager of Duncan Watson (Electrical Engineers) 
Ltd. Mr. Russell has been with Rashleigh Phipps & Co. 
Ltd. for twenty years and leaves his post as senior engi- 
neer to take up his new duties on Ist October. 


Mr. G. Gordon Musted, A.C.T.B’ham, M.Inst.M., 
M.Inst.W., M.Am.W.S., has been appointed West 
Midland Technical Representative of Courtburn Posi- 
tioners Limited. 


Sir Harold Bishop, C.B.E., Director of Engineering of 
the B.B.C., has accepted the invitation of the Executive 
Council of the Association of Supervising Electrical 
Engineers to become the Association’s President in suc- 
cession to Mr. Bryan Donkin, B.A.(Cantab.), M.I.E.E., 
M.Am.I.E.E., M.(Soc) C.E. (France), who is retiring 
after two years in Office. Sir Harold Bishop, C.B.E., 
F.C.G,1., B.Sc.(Eng.), M.LE.E., M.I.Mech.E., F.LR.E., 
will be introduced by Mr. Donkin at the first meeting of 
the London National Lecture Session of the Association 
to be held in the Lecture Theatre of the Institution of 
Electrical Engineers on Tuesday, 16th October. 


Sir Peter Roberts, M.P., has been elected as the next 
Master of the Company of Cutlers in Hallamshire. The 
installation ceremony, when he became Master Cutler, 
took place on 2nd October. Sir Peter is chairman of 
Newton Chambers and Co. Ltd. and Wellman Smith 
Owen Engineering Corporation Ltd. in which Newton 
Chambers has a large interest. 


Mr. R. McKinnon Wood has been appointed vice- 
chairman of the committee, under the chairmanship of 
Professor Willis Jackson, which will advise the Govern- 
ment on the recruiting and training of technical college 
teachers. Mr. McKinnon Wood is chairman of Griffin & 
George Limited. 


The A.E.I. Lamp and Lighting Company announce 
the appointment of Mr. B. J. Robinson to the post of 
Regional Publicity Assistant for their Midland Region. 
Mr. J. B. Henderson has taken up a similar post in the 
Scotland and N. Ireland Region. Mr. Robinson will be 
concerned with all forms of publicity undertaken in the 
region and will be responsible for the new A.E.I. Lamp 
and Lighting Showroom which has opened at the Com- 
pany’s Midland Region Headquarters at 26/28, Holloway 
Head, Birmingham 1. Mr. Robinson joins the Company 
from Messrs. J. A. Phillips, the cycle manufacturers, 
where he was Assistant Publicity Manager. 


Mr. W. J. McBrian of Peoria, Illinois, vice president of 
Caterpillar Tractor Co., has been named Chairman of 
the Company’s British subsidiary, Caterpillar Tractor 
Co. Ltd., effective Nov. 1. He will continue to hold 
Office as a vice president of the U.S. company. Mr. W. J. 
Bornholdt, Managing Director of the subsidiary since its 
organization in 1950, will return to the U.S. at the end of 
this year. At that time, Mr. McBrian will also become 
Managing Director of the subsidiary, and its operating 
headquarters will be transferred from Desford, Leicester, 
to Glasgow. Mr. T. Harold Edwards has been appointed to 
the position of Chief Buyer for the Desford Company. 
Previous position of Desford’s Chief Buyer at Caterpillar 
Tractor Co. Ltd., Desford, was held by Mr. Wayne E. 
Pierson, who is to move to the new Caterpillar factory 
now under construction in Glasgow, as Chief Buyer for the 
whole of Caterpillar Tractor Co. Ltd.’s operations in 
Great Britain. Mr. Thomas V. J. Armstrong has been 
appointed to the position of Merchandise Manager for 
the Desford Company. Previous position of Merchan- 
dise Manager at Caterpillar Tractor Co. Ltd., Desford, 
was held by Mr. Graham W. Almrott, who has become 
the Manager of the Company’s operations there. 


Associated British Engineering Ltd., announces that 
Dr. Frank Wallace, Ph.D., M.Sc., has been appointed 
Research Engineer to companies in the Group and has 
therefore relinquished his position as Lecturer in Mechan- 
ical Engineering at Birmingham University. 
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Ona 
compressor crankshaft 


The line drawing shows the single-throw 
crankshaft of a high-speed single-stage 
compressor made by Tilghmans Ltd., 
Broadheath, Altrincham, Cheshire. 


The balanced crankshaft of this interesting 
unit is carried in two Timken tapered- 
roller bearings, giving a simple and efficient 
mounting. 

The company’s two-crank compressors 
follow similar practice, the two-throw 
crankshaft also being mounted on a pair 
of Timken tapered-roller bearings. 





BRITISH TIMKEN LTD. 
Duston, Northampton (Head Office); and Birmingham 


Telephone: Northampton 4921 (10 lines) Telex No. 31-620 
Telegrams: Britimken Northampton Telex 


Subsidiary Companies : Fischer Bearings Company Ltd., Wolverhampton 
Timken-Fischer Stockists Ltd., Birmingham 


Registered Trade Mark: TIMKEN AND 


tapered-roller bearings 

















Mr. D. W. H. Galbraith has been made sales manager 
of Chemstrand Ltd. 


Davy and United Engineering Company Limited 
announce that Mr. F. G. Phipps has been appointed a 
Director of their Middlesbrough subsidiary company, 
Davy and United Roll Foundry Limited, the well-known 
Tees-side manufacturers of rolls and steel castings. 


At the annual general meeting of the British Standards 
Institution a move was made to streamline B.S.I.’s or- 
ganization by combining the two formerly separate offices 
of President and of Chairman of the General Council. 
Sir Herbert Manzoni (Birmingham’s City Engineer), who 
is already Chairman of Council, was elected the first 
President under this new arrangement. He succeeds Sir 
Roger Duncalfe, Chairman of British Glues and Chem- 
icals Ltd., who in the past 20 years, has held all the 
principal offices in B.S.I. Mr. John Ryan (Vice-chairman 
of the Metal Box Co. Ltd.) was re-elected Vice-President 
of B.S.I. The following were elected, as representatives of 
B.S.I.’s divisional councils, to serve on the General 
Council: Building Division. Mr. H. A. Pursey (Sales 
Director of Turners Asbestos Cement Co. Ltd.) ; Mr. J. 
C. Tait (Senior Quantity Surveyor of the Department of 
Health for Scotland) ; and Lt.-Col. E. Vigor (Managing 
Director of the Neuchatel Asphalte Co. Ltd.). Chemical 
Division. Mr. G. J. Cutbush (a Director of the Metro- 
politan Leather Co. Ltd.); Mr. G. Dring (Research 
Director of Bakelite Ltd.) ; and Sir Knowles Edge 
(Managing Director of W. Edge and Sons Ltd.). Engi- 
neering Division. Mr. P. L. Jones (a Director of Swan 
Hunter and Wigham Richardson Ltd.); Mr. G. L. 
Newman (Secretary of the Chief Engineer’s Committee 
of Metropolitan-Vickers Electrical Co. Ltd.) ; and Mr. 
B. E. A. Vigers (Assistant Managing Director of Laporte 
Industries. Ltd.). Textile Division. Mr. H. N. Aitken 
(Manager of Merchandising and Procurement of Knitted 
Fabrics Department of British Celanese Ltd.) ; Mr. L. F. 
Cockroft (a Director of John Cockroft and Sons Ltd.) ; 
Mr. P. W. Gaddum (a Director of H. T. Gaddum and Co. 
Ltd.) ; and Mr. E. R. West (Research Chemist of Jute 
Industries Ltd.). 





MR. W. E. CLARK 





We report with deep regret the death on 30th August 
of Mr. W. E. Clark, who in 1952 completed fifty years’ 
service with The English Electric Company. He was 68. 
From 1926 until 1953 Mr. Clark was Manager of the 
Company’s Birmingham and Midlands Territory. Since 
then he had been engaged in consultative duties for 
“English Electric *’. 





REGINALD CHEYNEY PLOWMAN | 


We regret to announce the death, on 17th September, 
1956, of Mr. R. C. Plowman, M.I.E.E., who, before he 
tetired in April 1949, was Executive Director of The 
British Thomson-Houston Export Co. Ltd. Mr. Plowman 
was with the Company for thirty years, all in connection 
with overseas trade. 








| BRIGADIER-GENERAL WADE H. HAYES 


_ Brigadier-General Wade Hampton Hayes, O.B.E., 
died on Sth September at Chappaqua, a village in New 
York State, after a sudden and brief illness. Brigadier- 
General Hayes, who was on a visit from London to his 
family in ‘he United States, was chairman of Edmundsons 
Electric ‘-ompany Limited and a director of The English 
| Electric - ompany Limited, D. Napier & Son Limited, 
and Me--oni’s Wireless Telegraph Company Limited. 
| He was ‘7 years of age. 
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NUCLEAR NOTES 


The European Organization for Nuclear Research has 
accepted an offer by the Ford Foundation of a $400,000 
(£142,850) grant, to be spent over five years, to help in 
strengthening co-operation in nuclear physics research, 
primarily with the U.S. and with other countries not 
members of the organization. The grant is expected to 
be used mainly to enable guest professors to come and 
work with the organization, and to give young scientists 
opportunities of working in its laboratories. 


The first application received by the Swedish Ministry 
of Trade for building and operating a commercial nuclear- 
energy plant was filed by the Swedish State Power Board 
on September 5. The 75 mw.-plant, known as ** Adam,” 
will be used for district heating in the city of Vasteras, 
Central Sweden. It is estimated to cost Kr.42m. and is 
planned to be put into operation in 1960. The first charge 
will correspond to about 8 tons of natural uranium in the 
form of uranium metal, while the average annual con- 
sumption is set at about 6 tons. The plant is to be situated 
underground. 


Sir John Cockcroft, director of the Atomic Research 
Establishment at Harwell, recently opened there a £30,000 
building to house the Reactor Design School. He wel- 
comed 80 students from various countries and said that 
the new school enabled them to more than double the 
number attending the three-months’ course. ‘‘The present 
course will be notable in that during that time we shall see 
the opening of Calder Hall,”’ said Sir John. 


Construction of Czechoslovakia’s first atomic power 
station for industry will start in 1957, according to a 
report from Praca, the Slovak trade union newspaper. 
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Just Published 


THE ANALYSIS 
OF STRUCTURES 
by 
N. J. Hoff 


(Head of Dept. of Aeronautical Engineering & Applied 
Mechanics, Polytechnic Inst. of Brooklyn, N.Y.) 


x ¢ 503 pages Illustrated 76s. net 


RESISTANCE WELDING 
Theory and Use 
Prepared by Resistance Welding Committee 
of the 
American Welding Society 


172 pages Illustrated 


FOUNDATIONS 


Design and Practice 
by 
Elwyn E. Seelye 


500 pages 
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FASTER RATE with less wheel wear 














I 
Grinding wheels must work at a definite maintained ; 
speed for maximum efficiency. Because of this the ¢ 
constant speed characteristic of HICYCLE heavy : 
duty grinders enables operators to remove more metal li 
at the fastest possible rate with the lowest possible te 
wheel costs . . . all with reduced operator fatigue. c 
Heavy grinding work demands the use of these real ot 
production tools, eliminating breakdowns . 
and delays. 
St 
Li 
An example from the full range of HICYCLE P< 
GRINDERS described in brochure S.P. 354 m: 
available from the address below. w 
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A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL ke 
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For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 

* CORE: Wound from acontinuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 

* INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 

* WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde 
resin type, giving good space factor, exceptionally high 
abrasion resistance and prolonged heating resistance. 

* FRAME: Of die cast aluminium, incorporating long spindle 
bearings and mounting feet to ensure accuracy and rigidity 
of the mechanism in relation to the fixing holes. 











Write for list 615A 
giving full technical 
details of this and othe 
models in the Rotar) 
Regavolt range. 
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* BRUSHES: The brushes are of a special carbon for its QUEENSWAY, MIDDLESEX “ 
contact resistance characteristics, shaped to give minimum Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 
loss, maximum strength and longest life. Specialists in the control of current and voltage for more than 25)¢0" 
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BUSINESS NOTES 


Frictioned Rubber and Canvas Belting has long been 
industry’s most popular general purpose Transmission 
Belt but its major disadvantage is indifferent pulley grip, 
necessitating a high working tension. Maxgrip, a recently 
developed Rubber and Canvas Belting, manufactured by 
George Angus & Co. Ltd., overcomes this difficulty by 
incorporating a specially constructed driving ply which 
maintains a tenacious grip on the pulley throughout the 
life of the belt, at the same time taking its full share of the 
tension. This driving ply is woven from patented yarn, 
in which the cotton and rubber latex are mingled under 
vacuum and spun together, this process resulting in each 
cotton fibre being coated with rubber before being twisted 
and woven. The driving ply, then, consists of 50°%% each 
cotton and rubber throughout. 


The two ‘* G2/2 ”’ gas turbines ordered for the United 
States Navy from Metropolitan-Vickers Electrical Co. 
Ltd. have recently been despatched from the Trafford 
Park Works. They will be installed as boost propulsion 
machinery in a U.S. Navy high speed coastal craft and 
will be operated initially for test and evaluation purposes. 
The ‘‘G2/2”’ gas turbine is generally similar to the 
Company’s ‘‘ G2 ’’ type installed in H.M.S. Bold Pioneer 
and H.M.S. Bold Pathfinder, now in service with the 
Royal Navy. 


From 24th September, 1956, the address of The Insti- 
tute of Welding and the General Secretariat of The 
International Institute of Welding will provisionally be 
29 Park Crescent, London, W.1. Telephone : LANgham 
7488/9. 


Firth Brown Tools Ltd. announce that they have 
established a warehouse for the convenience of customers 
in London and district at 2 Warwick Place North, War- 
wick Way, Victoria, S.W.1, where comprehensive stocks 
of all standard sizes of twist drills, slitting saws, reamers, 
toolholder bits, butt welded lathe and planer tools, 
milled tooth files, engineers’ and saw files and hacksaw 
blades are carried. A regular delivery service from this 
warehouse will be maintained. 


A reciprocal licensing agreement has been signed by 
high-vacuum equipment manufacturers W. C. Heraeus 
GmbH, Hanau, West Germany, and the Rochester 
Division of Consolidated Electrodynamics Corporation, 
U.S.A. Under terms of the agreement, W. C. Heraeus 
will provide an outlet in major European countries for 
high-vacuum equipment manufactured by the Rochester 
Division, while Consolidated will market Heraeus pro- 
ducts in the United States and Canada. Provision is also 
made for free interchange of technical know-how and 
the use of each other’s patents in the high-vacuum field. 


Following its successful introduction to Midland 
Engineers at Birmingham last month, the new GEO 
Range of Medium Voltage Switchgear manufactured by 
George Ellison Ltd. had its London Premiere at the 
Goring Hotel where an exhibition was specially held for 
the purpose on the 3rd and 4th October. Among the 
exhibits were 400 amp and 800 amp size breakers with 
the covers off to show the simplicity of the interior 
mechanism, the reversible and easily replaceable contacts 
and other arrangements for reducing maintenance. The 
ease with which auxiliary switches could be fitted on site 
was clearly evident. The new gear is withdrawable and 
is A.S.T.A. tested to BS.116:1952. It has the traditional 
Ellison robustness of construction and offers every possi- 
bility of long life even under the most exacting conditions 
of service. The circuit breakers are available for 400, 600, 
800 and 1200 amps. Undervoltage and overcurrent 
protection is afforded by solenoid-operated releases with 
oil dashpot time lags and a special display enabled visitors 
to see the action of the Ellison Patent Triple-action Time 
Lag. It is interesting to note that the GEO Switchgear is 
introduced on the Golden Jubilee Year of the Company 
and this theme was made the subject of one of the 
displays. 


The Yale & Towne Manufacturing Co. held an Inter- 
national Conference on Materials Handling at Brighton 
from the 17th to 20th September. The guest speaker was 
Sir Robert Boothby, K.B.E., M.P., and the conference 
was attended by representatives from 17 countries. 


Negretti & Zambra Ltd. held an Exhibition on the 
26th, 27th and 28th of September to introduce their 
Pneutechnique products. The central exhibit consisted 
of several working demonstrations indicating the way in 
which their Pneutechnique basic components can be 
adapted to a wide range of systems. Other outstanding 
new products were temperature transmitters, a miniature 
recorder/controller, time/temperature setting recorder/ 
controller, and a pyrometer controller using a miniature 
photo transistor as an infra-red sensitive element in 
conjunction with a low-temperature element. The exhibi- 
tion is subsequently being transferred in part to the 
Engineering Industries Exhibition, The Milan Fair and 
part will be demonstrated in the Midlands and the North 
of England. 


Industrial Mouldings (Warwick) Ltd. are now market- 
ing a new process for chromium plating plastic mouldings 
under the name Plastichrome. It is claimed that this 
process provides high durability and resistance to 
corrosion and blistering. A saving in weight over die- 
castings or stampings of comparable size is shown and 
the mouldings compare favourably with pressure die- 
castings where strength is concerned. Plastichrome mould- 
ings possess negligible thermal conductivity. 
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for Diese Engines, 

Oil Engines, Steam Engines, Air Compressors, 

Conveyors, etc. Displacement Lubricators or 
Steam Engines and Air Lines. 


Empire Engineering (o. (Manchester) [id. 


High Class Brassfinishers and General Engineers 


Makers of :— 


Relief Valves for Compressed Air Units, 
Air Receivers, Steam Lines, etc. 
Steam Driers, Oil Separators, 

Hand Pumps. 


Empire Works, Clarendon Road, SALFORD, 5, Lanes. 


Telegrams: Appliances, Phone, Manchester Telephone: PENdleton 2339 
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Mr. C. R. D. Tuckey, General Sales Manager of 
British Timken Limited, the manufacturers of tapered 
roller bearings, has left on his third world tour. Leaving 
by air on 21st September, Mr. Tuckey is visiting British 
East Africa, Rhodesia, South Africa, Australia, New 
Zealand and Canada. His purpose will be to advise and 
assist the distributors and representatives who handle his 
company’s products, and to visit the firm’s customers in 
those countries. 


Lorival Plastics have built a travelling exhibition 
which is to tour industrial centres. Starting in London, 
the exhibition will go, via the West Country, to the 
Midlands, the North and on to Scotland. At each stop 
plastics users will be invited to see for themselves the 
extent of Lorival’s manufacturing facilities and experience. 


Metropolitan-Vickers Electrical Co. Ltd. announces 
that from Ist August the existing Contracts Department 
ceased to be a separate department. With few exceptions, 
its work is now handled by Plant Sales Department. Asa 
consequence of this change, Mr. F. L. Field has been 
appointed Assistant, Sales Management, and Mr. J. 
Cannell has been appointed Assistant to Sales Manager, 
Plant Department. 


Ferranti Ltd. Computer Department. Five large-scale 
electronic computers are under test at the newest 
Ferranti Factory at West Gorton. Six further machines 
are in advanced stages on the factory floor. The West 
Gorton Factory, which is still undergoing conversion, 
will soon provide some 300,000 sq ft manufacturing 
space, of which 150,000 sq ft are allocated to the Computer 
Department. The manufacturing activity is supported 
by research laboratories both in the factory and at 
Bracknell, near Ascot. These laboratories employ more 
than 100 development engineers. In addition, there is a 
Computer Centre at 21 Portland Place, London, where 
the main body of the Sales Division and a Computing 
Service are located. 

Ferranti Ltd. have already manufactured 10 large 
electronic computers and now have additional orders for 
some 34 of these machines, with a total value of over 
£2,000,000. Most of these orders are for the Pegasus and 
Mercury Computers. Some of these now seen in the 
works are ready for immediate delivery and it is planned 
that about 25 computers will have been completed and 
delivered by the end of next year. The rate of output will 
be more than doubled in the following year. Although 
this production is at the moment devoted mainly to 
computers for use in Science Departments of Universities 
and Research Departments of Industrial Firms and other 
organizations, the extensive production facilities will 
make an important contribution to the manufacture of 
the joint Ferranti/Powers-Samas Integrated Data-Pro- 
cessing equipments. Computers are now well past the 
laboratory and experimental stage as regards both their 
manufacture and use. The range of uses is increasing 
rapidly and in many new directions. 


__ Itis announced that a new Anglo-American Company, 
Ketay Limited has been formed for the production of 
Precision synchros, servo motors, resolvers and tacho- 
meter generators for use in computers, radar sweep 
circuits, phase shifters and accurate data transmission 
systems. Ketay Limited is a joint Company formed by 
The Plessey Company Limited and Norden-Ketay 
Corpora‘ion of New York, U.S.A., and has offices at 
Eddes House, Eastern Avenue, West Romford, Essex. 
The precision units will be produced to the specifications 
of The l iessey Company Limited. Directors of the new 
compan’ are Messrs. A. G. Clark, E. J. Earnshaw and 
A. E. Us derwood of The Plessey Company Limited, and 


ae _ "Is F, Ketay of The Norden-Ketay Corporation, 
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British Oxygen announce that a new private company, 
to be known as British Oxygen Research and Develop- 
ment Limited, has been registered and came into 
existence on Ist October. The Board of the new company 
will be : Dr. P. H. Sykes, Chairman ; Dr. N. Booth, 
Managing Director ; and Dr. L. C. Bannister. The 
Secretary will be Mr. J. W. Coates, and the Accountant 
Mr. H. E. Beyer. The new company has been formed 
because research and development is regarded by the 
parent Board as a separate activity equal in status and 
importance to the operating companies in the Group. It 
takes over British Oxygen’s Research and Development 
Centre at Morden, Surrey, which has been in operation 
for over ten years. 


Foundry Services Limited, of Birmingham, departed 
from the conventional method of opening a new 
factory. Instead of the usual ceremony performed 
by a well-known personality, this Company had 
one thousand of its foundry customers from all over 
Britain to mark the completion of the new works at 
Drayton Manor, near Tamworth. Their visits were spread 
over the whole of ‘‘ Open Week ”’ beginning on Monday, 
24th September. The new factory will be the largest and 
most up-to-date plant of its kind in the world for the 
manufacture of chemical and metallurgical products 
for the treatment of molten metals and of the moulds 
into which they are cast. In addition to many standard 
products for every kind of casting, be it steel, iron, light 
alloy or non-ferrous, the Company maintains a large 
team of specialists whose business it is to advise on 
metallurgical problems and difficulties in the customers’ 
own works. A research division, which will remain in 
Birmingham, is continually engaged in investigating and 
developing new techniques for the metal industry and 
this work is carried out in modern laboratories and 
development foundries. 








Telephone : Sheffield 26646. 
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Mtralley 


The Nitriding Process for 
Case-hardening Special Stee!s 
Nitrogen Offers 


Surface hardness up to 1150 
diamond number. 


Retention of full hardness 
after heating to 500°C. 


Maximum resistance to 
frictional wear and to plain, 
and notched fatigue. 


@ @@ Ox 


Improved resistance to 
corrosion. by water and 
steam. 


Particulars from :- 


NITRALLOY LIMITED ATLAS WORKS 


SHEFFIELD, 4. 


Telegrams : “‘Nitralloy, Sheffield” 
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MASON 2 LTD 


Specialists on Lamination and 
Multi Follow-on Tools. Designing 
and Drafting to, the Trade. 


28 STATION RD * ACOCKS GREEN oe 
BIRMINGHAM 27. 
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INDUSTRIAL STETHOSCOP: 


This new acoustical instrument eni 
>» j/guesswork in locating and detecti 
fy faults. The AIRSONIC is acutely sens; 
tive to changes in the characterist; 
rhythms or sounds of mechanical an 
electrical equipment; of pipelines aboy 
or below ground; of metals, plastics an 
other materials. Whether known to exis 
or still unsuspected, the AIRSONIC wil 
pin-point the eract trouble spot—tracin 
unwanted noises, revealing leakage 
discovering unsound joints, detectin 
excessive wear cr metal fatigue. 


“Tune-in” to trouble... 


The AIRSONIC tunes in to trouble, tunes out unwanited fre 
quencies. Saves time and labour in plant maintenance, avoid 
costly breakdowns. AIRSONIC, the infallible fault-finder, 
compact, non-electric—and quite inexpensive. 


Full details from Dept. E/2, AIRSONIC LTD. 
14 Old Queen St., London, S.W.| 






























Telephone: TRAfalgar 2255/6/7 y 2 
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PLASTICS FOR INDUSTR 
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HAVE the ex perience 
AND the equipment 


Compression and Injection Mouldings 
Sawn and Machined parts 
PERSPEX and P.V.C. Mouldings 
Laminated Tubes, Angles and Channels 


RESINOID & MICA PRODUCTS LTD 
MARY ST - BIRMINGHAM 12 - Tel Calthorpe 1303 
LONDON 28 Queen Anne's Gate §.W.1 Tel WHitehall 8892 
One of the group of companies associated with the 
Southern Areas Electric Corporation Limited 
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- a feeling. A lively Lewis Spring 

__—— never rests, never tires. You can le 
Se a lot about them and about 
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our 40-page manual on spring 
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CONTRACTS 





A £5}-million N.A.T.O. contract has been awarded 
by the Turkish Government to William Brothers Ltd. 
of Oklahoma and Costain-John Brown Ltd. of London 
for the construction of oil line pumping stations, marine 
terminals, tank farm facilities, and inter-connecting pipe 
lines. This forms part of the N.A.T.O. Infrastructure 
Programme for Turkey. The first teams of technicians 
will travel to Turkey early this month and work will 
commence at the end of this year. 
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The General Electric Co. Ltd. has received from the 
central Electricity Authority a contract valued at 
£689,000 for an outdoor switching station to be erected 
near Wolverhampton. Separate contracts cover modifica- 
tions to existing equipment at other substations in the 



















cal ani™ vicinity. With the exception of the 275kV circuit- 
»3 abov™ breakers, the whole of the electrical equipment for the 
tics an contract will be made at the Witton Works of the G.E.C. 
to exif The 275kV breakers will be built by A. Reyrolle & Co. 
NIC will Ltd., under a sub-contract. 
tracing 
akages A contract for four 26,667 kVA, single phase, forced- 
>tecting air-cooled, outdoor type Transformers has been awarded 
to Ferranti Ltd., by the Tennessee Valley Authority, 
U.S.A. These Transformers will form one 80,000 kVA, 
154/69/13.2 kV, 3 phase bank of transformers, the fourth 
anced ‘transformer being a spare unit, and will be installed in the 
t-finder, @ Pigeon Forge Substation, Knoxville, Tennessee. This is 
the sixth order awarded to Ferranti Ltd., by the U.S.A. 
; in recent years and brings the total number of trans- 
| formers supplied, or under construction to 45 units of a 
dt total capacity of over 2 million kVA. 





The first switchgear for voltages over 300 kV ever 
ordered in Great Britain is to be made by Metropolitan- 
Vickers Electrical Co. Ltd., Trafford Park, Manchester, 
for the Snowy Mountains hydro-electric scheme in 
Australia. The order, which is worth £125,000, was 
obtained by M-V’s associates in Australia, Australian 
Electrical Industries Pty. Ltd., in the face of severe 
Continental competition. The new switchgear will consist 
of five 330-kV Méetropolitan-Vickers air-blast circuit 
breakers, type GA11W8, rated at 1200 A and having a 
breaking capacity of 10,000 MVA, together with the 
necessary compressor plant and eighteen 330-kV outdoor 
current transformers (with multiple secondaries). 


8 


 ¢00 


The Brush Group Ltd. has signed a contract with the 
Baghdad Electricity Services to install and have in opera- 
tion by May 15, 1957—only nine months—diesel electric 
generating equipment for a new ‘“‘ peak load’’ power 
station for the supply of electricity to the township of 
Baghdad. Two factories in the Group are concerned : 
Mirrlees, Bickerton and Day Ltd., Stockport, who are 
supplying four Mirrlees KVSS-12 diesel engines each 
developing 3022 b.h.p (12-hour rating) at 428 r.p.m., 
and the Brush Electrical Engineering Co. Ltd., Lough- 
borough, who are supplying four Brush alternators with a 
total output of 8000 kW, besides all the switchgear. The 
main building contractor, who is also the Brush agent in 


Baghdad, is the Autoworks Middle East Car and Transport 
ompany 
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Classified Advertisements 


508 ad 


The rate for all cl. adverti: s is 6d. per word ; in bold 
print 9d. per word ; minimum order 6s. Box-number advertisements 
ls. extra. Instructions, togeth ith remittance, must be received not 
later than the 3rd of each month for advertisements to appear in the same 
month's issue. 








IMPERIAL CHEMICAL INDUSTRIES LIMITED 
ALKALI DIVISION 


DEVELOPMENT OF USE OF NON-METALLIC 
MATERIALS IN CHEMICAL PLANT 


Graduate Chemical or Mechanical Engineer or Metallurgist 
required to initiate and carry out plant and laboratory trials on 
non-metallic materials (plastics, laminates, ceramics, cements, 
heat-insulation) with a view to their application in existing and 
projected chemical plant. It is preferred that applicants should 
have chemical works and plant design experience and some 
knowledge of non-metallic materials, chemistry and metallurgy. 
Age 25-35. 

The appointment is to the permanent Staff, 5-day week, with 
good salary, first-class working conditions and recreational 
facilities. _ Contributory Pension Fund and Profit-Sharing 
Schemes. Limited assistance with removal expenses for married 
men. Apply for official application form to Staff Manager, 
quoting reference MET/DEV, at I.C.I1., P.O. Box No. 7, 
Winnington, Northwich, Cheshire. 


BEARINGS 


BALL & ROLLER BEARINGS—AIl types and Sizes. Largest 
Stocks, Lowest Prices. Same day dispatch. 895-921 Fulham Rd., 
London, S.W.6. Renown 6174 (Ext. 24). 








OSMOND 
CUTTING OFF MACHINES 


A. & S. OSMOND, LTD. 


Telephone : 
13 DOWRY SQ., BRISTOL 


Bristol 27604 


BINDING CASES 


Two types of Binding Cases for binding your 
copies of THE ENGINEERS’ DIGEST are avail- 
able. Both types are made of strong blue cloth. 














For permanent binding of the 12 issues of Vol. 
XVII, 1955, order Case A, price 13/0. 


For binding your copies each month as published 
in the patented EASIBIND case by means of rods 
and wires supplied with each EASIBIND case, order 

ase B. Two cases are supplied, each holding 6 
issues, at a total cost of 29/3. 


ORDER FORM 


To : THE ENGINEERS’ DIGEST LTD., 
120 Wigmore Street, London, W.1. 


Please send : 
One Binding Case A for Vol. XVII at 13/0. 


Two Binding Cases B for Vol. XVII at 29/3 total. 
Payment enclosed. 











INDUSTRIAL TYPE DISTRIBUTION GEAR 
To 200 amps 3.3kV and 800 amps 600 volts 


#) HORIZONTAL DRAW-OUT TRUCK SWITCHGEAR 
To 800 amps 250 MVA I1kV and 4500 amps L.T. 

® SECTIONALISED ang , ‘ 
SWITCHGEAR THE ELECTRIC CONSTRUCTION COMPANY LTD. 












For L.T. distribution : 


@ CONTACTOR GEAR EKOK SES HEURT. ENGINEER WORKS wotven HOC 
AC AND DC 3 
ISIN emp eapaciies ; Rec’ + tad 










It can’t be done without 


















Did you ever let off a Fifth of November rocket that 
finished up by going through someone’s bedroom 
window? If you have, you can appreciate the kind of 
confidence these boffins have in their control over the 
rockets they design to investigate the stratosphere, 
—— and the rest of that great nothingness out 
there. 

We at Magnetic Valve admire this attitude, for we too 
have spent 25 years building reliable and efficient control 
into our products until to-day they can control, auto- 
matically or remotely, a whole host of industrial gases 
or liquids (such as air, steam, oil or coal gas) with 
absolute efficiency. They don’t use stuffing-boxes, 
glands or driving shafts either. If you would like to 
know more about our 
standard range, we have 
some illustrated literature 
available. Special valves 
up to 12 in. orifice can be 
supplied. 
















THE MAGNETIC ¥; 
SAFETY CUT-OUT 
VALVE 
is of the semi-automatic 
hand opening electrically 
maintained pattern en- 
suring instantaneous and 
complete closure in the event of curreq 
interruption. The valve is of “packless” coq 
struction, and can be supplied in sizes rangiq 
from }” up to and including 12”. 

Alternative types of hand operating gear 4 
available including hand lever and_push- 
spring return patterns. 

The installation of this valve is an essent) 
precaution with all types of gas and oil fir 
equipment, and ensures complete isolation 
the fuel in the event of an interruption of! 
electrical supply WITHOUT automatic or 
ing when such electrical supply is restore¢ 
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Many valves available 
ex-stock. Valves designed —— — 
for special conditions. Vii NA 
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28ST. JAMES’S PLACE, LONDON, S.W. I. Tel. HYDe Park 7588. 
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BOOKS RECEIVED 


LATEST INDUSTRIAL LITERATURE 








Centre Lathe Work. By C. Monday. 160 pp., 169 illustrations- 
Publishers : Machinery Publishing Company Ltd., National House, 
West Street, Brighton 1. Price: 18/6. 

Although the centre lathe is one of the oldest forms of machine 
tool, it still constitutes an important part of any workshop. The pur- 
pose of this well-produced and illustrated book is, therefore, to review 
in detail some of the most modern centre lathes, and to give a general 
account of centre-lathe work in the light of present conditions. As 
such, it covers all applications of modern centre lathes, together with 
detailed construction and modifications. In addition, tools, chucks, 
collets, fixtures, and attachments are described, while methods of 
producing typical workpieces to accurate dimensions are fully dealt 
with, including the cutting of threads, turning of tapers, form turning, 
and the various systems of profile and copy turning. 


Solution of Problems in Aerodynamics. By S. A. Urry, B.Sc.(Eng.)> 
A.F.R.Ae.S. 390 pp., 121 illustrations. Publishers : Sir Isaac Pitman 
& Sons Ltd., Parker Street, Kingsway, London, W.C.2. Price : 32/6. 

Containing 400 problems, selected and arranged to give students 
practice at all levels up to the Higher National Certificate and the 
examinations of the engineering institutions, this useful book should 
be regarded as a supplement to lecture notes or a formal textbook. 
Detailed solutions are given to nearly half the examples, and answers 
are provided for the remainder, while a summary of principal formulae 
is given at the beginning of each chapter. 

As the choice of subject matter is largely influenced by current 
examination requirements, the topics have been arranged in a sequence 
which is logical and generally in order of increasing difficulty. Further- 
more, the author has avoided the use of complex numbers, partial 
differentiation, and other mathematics beyond that normally en- 
countered in the Ordinary National Certificate and similar courses, 
only an elementary knowledge of mechanics and mathematics being 
assumed. Other useful features of this book include a comprehensive 
bibliography and an extensive list of references. 


Yearbook of International Organizations, 1954-55. 1200 pages. 
Published by the Union of International Associations, Palais D’Eg- 
mont, Brussels. U.K. Representative: E. S. Tew, 91 Lyndhurst 
Gardens, Finchley, London, N.3. Price : 70/-. 

Designed to promote the development and smooth working of the 
ever-expanding and increasingly intricate mechanisms of international 
life, this interesting and authoritative yearbook provides full details 
of all international organizations in the fields of Engineering, Science 
and Scientific Research, Medicine, Agriculture, Commerce and 
Industry, Cinematography, Industry, Philosophy, Arts, Law and 
Administration, Labour and Professions, Politics, Welfare, Peace, 
Religion, etc. 

Well-produced, edited, and indexed, this present volume success- 
fully fulfils its dual role as a handy reference manual and a guide to 
research and education in all aspects of international affairs, and 
describes the names, status, history, members, structure, officers, 
finance, and publications of all the organizations concerned, together 
with their relations with other organizations. 


Reference Manual of German Machine Tools. By Hermann P. 
Gentzel, C.E. (VDI). 400 pp., 317 illustrations. Publishers : Verlag 
Karl [hl & Co., Coburg, Bavaria. Distributors for Great Britain : 
Publishing & Distributing Co., Ltd., 177 Regent Street, London, W.1, 
and World Trade Journals, 20 Minstead Way, New Malden, Surrey. 
Price: 47/6(DM 28). 


Containing numerous descriptions and constructive details of the 
latest German machine tools, woodworking machines, industrial 
testing and measuring instruments, modern tools, and machine-shop 
equipment, this excellently produced and illustrated edition in English 
provides an authoritative guide to all those interested in selecting and 
comparing from a large variety of highly efficient production equip- 
pore such types and sizes as will be most suitable for their require- 
ments. 

For convenience, a survey is given of the latest German tools, 
€quipment, and accessories, subdivided into chapters on Turning ; 
Boring and Milling ; Milling, Planing, and Hobbing ; Shaping, 
Broaching, and Slotting ; Grinding, Lapping, and Honing ; Cut-off, 
Filing, and Sawing ; Welding ; Forging and Forming ; Bending and 
Shearing ; Woodworking ; Testing, Measuring, and Comparating ; 
and Tools and Machine-Shop Equipment. In addition, a useful index 
of manufacturers and numerous conversion tables are included. 


Information Theory and its Engineering Applications. Second 
Edition, 1956. By D. A. Bell, M.A., Ph.D., M.LE.E. 182 pp., 38 
illustrations. Publishers: Sir Isaac Pitman & Sons, Ltd., Parker Street, 
Kingsway, London, W.C.2. Price: 25/-. 

Information theory is of especial importance in the development 
of telecommunications and automatic control systems, and this 
book gives a clear account of recent developments, without requiring 
more knowledge of mathematics than may reasonably be expected of a 
Profess nal engineer or physicist. In this new edition, the chapter on 


s — g has been considerably enlarged, and a new chapter on 

_Veco\ing”’ has been added. Additions have been made to the 

> sg on television and to the discussion of the problem of recogni- 
The 


Og uthor’s straightforward presentation of the developments 
ich lave been achieved will save the reader much of the labour 


— in studying the original papers, many of which require a 
inte e of advanced | mathematics for their full understanding. 

will F ore, the discussion of the applications of information theory 

bale und most stimulating, and the author points out that, as the 
sey h vledge of this subject becomes more widely disseminated, the 

Scope these applications will continue to grow. 
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1. Precision Taper Roller Bearings for Machine-Tool Spindles. Made 
specifically for machine-tool applications, and not merely the precision 
version of commercial taper roller bearings, the range of high- 
precision taper roller bearings described in a 4-page brochure has been 
engineered especially for machine designers who require spindles 
capable of a wide range of speeds, combined with maximum stability 
and accuracy, low operating temperatures, long life, and simple 
housing construction. 

Important features of these bearings, which are available in single- 
and double-row patterns to suit all spindle assemblies, include series 
production under Standards-Room conditions, extreme geometrical 
and dimensional accuracy, and a unique roller and cage design, which 
ensures efficient oil flow, resulting in cool running over a wide range of 
speeds and loads. 


2. Automatic Recessing Heads. Opening up a new range of possibili- 
ties in design and production, and enabling both internal and external 
recesses to be produced quickly, accurately, and economically with 
simple tooling and unskilled labour, the range of automatic recessing 
heads described in a 4-page brochure is suitable for use on capstan 
lathes, drilling and milling machines, and multi-spindle automatics. 

These heads are suitable for all recesses, *‘O”’ rings, circlips, oil 
grooves, and for back-facing, countersinking, and back-counter- 
sinking operations. Operation is entirely automatic, including with- 
drawal, and a micrometer adjustment is fitted for setting the cutting 
tool accurately to the correct diameter. 


3. Optical Jig-Boring Machine. Details are given in a 4-page 
illustrated brochure of an optical jig-boring machine which has been 
developed to cope with the large fixtures and components required by 
all branches of the engineering industry, particularly in aircraft 
production. As a result, components which have previously neces- 
sitated several operations can now be completely machined in one 
setting only, with absolute precision and a considerable saving of time. 

he machine is constructed on the bridge principle, with a table 
capacity of 98 = 47 in. and 54 in. headroom, and will admit up to 
80 in. between the vertical columns. Table and boring-head move- 
ments are optically controlled by means of built-in glass scales and 
projection screens, with a setting accuracy of 0°0001 in. 


4. Straight-Line Strainers. Featuring a large screening area in relation 
to supply-line size, with union connections making for easy installation 
and service, the range of straight-line strainers described in a 4-page 
illustrated brochure provides a clean, unrestricted flow of fluids or 
gases within a supply line. These strainers are so designed that the 
entire strainer area is within the flow-way itself. 

Advantages of these strainers, which can be used on water, steam, 
oil, air, and gas supply lines, include reduction in the necessity for 
frequent cleaning, elimination of unnecessary friction losses and 
turbulence, accessibility from all directions for servicing, and positive, 
reliable protection. 


5. Height Gauge. Details are contained in a well-produced, illustrated 
4-page brochure of a newly designed height gauge with several in- 
teresting features intended to ensure low price, high precision, and 
ease of operation. Thus, for example, the gauge, which is available 
with graduations in English or metric readings, is extremely easy to 
read, requiring no assistance from a magnifying lens. Moreover, as 
the micrometer principle is employed, the inherent difficulties of 
reading a vernier scale are completely eliminated. 

The new gauge has a positive action, controlled by accurate 
indexing, at either 0°500-in. or 13-mm intervals, by means of hardened 
and carefully selected ground steel balls set in a stainless-steel column. 
Intermediate settings are made by operating a micrometer gauge 
incorporated in the design, reading directly to within a tolerance of 
00005 in. or 0°0001 mm. 


6. Cable Eccentricity Gauges. Information is given in a 4-page leaflet 
of a range of improved, direct-reading cable eccentricity gauges for 
extruded wires and cables. These gauges, which are eminently suitable 
for the control of eccentricity of insulated coatings extruded over 
simple conductors, stranded conductors, multi-core cables, metal 
braids, and metallic sheaths, have a sensitivity as high as 0-5 % of wall 
thickness and permit cables from 0 to 3-5 in. overall diameter to be 
tested continuously during production. 

Also included in the leaflet are details regarding the recording of 
eccentricity values and the provision of warning or automatic control 
signals at pre-adjustable tolerances. 


MAIL THIS COUPON TO-DAY 


THE ENGINEERS’ DIGEST 
120, Wigmore Street, London, W.1. 








Please send free and without obligation the literature indicated 
by the following circled numbers : 
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